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VERY lAEGE SCALE IMM03ILIZZD PQLYT^R 5 YNTr-'y qT.c: 

This application is related to the following 
United States applications: U,S, Serial No. 492,462, 
filed March 7, 1990; U.S. Serial No. 362,901, filed June 
7, 1989; U.S. Serial No. 624,120, filed December 6, 1990; 
U.S. Serial No. 526,730, filed December 6, 1990; and U.S. 
Serial No. 624,114, filed December 6, 1990. Each of 
these applications is incorporated herein by reference 
for all purposes. This application is also related to 
?CT application WO 90/15070 which was published December 
13, 1990 and is also incorporared by reference herein for 
all purposes. 

BACKGROUND OF THE IN^NTION 
The present invention relates to the field 
of polymer synthesis. More specifically, the invention 
provides a reactor system, a masking strategy, 
photoremovable protecting groups, data collection and 
processing techniques, and applications for light 
directed synthesis of diverse polymer sequences on 
substrates. ■ 
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SUMMARY 0? THE INVENTION 
Methods, appararus, and compositions for 
synthesis and use of techniques for diverse polymer 
sequences on a substirate are disclosed, as well as 
applications thereof, 

According to one aspect of the invention, an 
improved reactor system for synthesis of diverse polymer 
sequences on a substrate is provided. According to this 
embodiment the invention provides for a reactor for 
conracting reaction fluids to a substrate; a system for 
delivering selected reaction fluids to the reactor; a 
translation stage for moving a mask or substrate from at 
least a first relative location relative to a second 
relative location; a light for illuminating the substrate 
through a mask at selected times; and an appropriately 
programmed digital computer for selectively directing a 
flow of fluids from the reactor system, selectively 
activating the translation stage, and selectively 
illuminating the substrate so as to form a plurality of 
diverse polymer sequences on the substrate at 
predetermined locations . 

The invention also provides a technique for 
selection of linker molecules in VLSIPS. According to 
this aspect of the invention, the invention provides a 
method of screening a plurality of linker polymers for 
use in binding affinity studies. The invention includes 
the steps of forming a plurality of linker polymers on a 
substrate in selected regions, the linker polymers formed 
by the steps of recursively: on a surface of a 
substrate, irradiating a portion of the selected regions 
to remove a protecting group, and contacting the surface 
with a monomer; contacting the plurality of linker 
polymers with a ligand; and contacting the ligand with a 
labeled receotor . 
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According another aspect of the invention, 
improved photoreaovable protecting groups are provided! 
According to this aspect of the invention a compound 
having the fomula: 



NO, 




OMe 



wherein n = 0 or 1; Y is selected from the group 
consisting of an oxygen of the carboxyl group of a 
natural or unnatural anino acid, an anino group of a 
natural or unnatural anino acid, or the C-5 ■ oxygen group 
of a natural or unnatural deox:,'ribonucleic or ribonucleic 
acid; and R* independently are a hydrogen aton, a lower 
alkyl, aryl, benzyl, halogen, hydroxyl , alkoxyl, thiol, 
thioether, anino, nitro, carboxyl, f or^nate , . f orraamido, ' 
sulfide,- or phosphido group; and is a alkoxy, alkyl, 
aryl, hydrogen, or alkenyl group is provided. 

.The invention also provides inproved nasking 
techniques for VLSIPS. According to one aspect of the 
masking technique, the invention provides an ordered 
method for forming a plurality of polymer sequences by 
sequential addition of reagents comprising the step of 
serially protecting and deprotecting portions of the 
plurality of polymer sequences for addition of other 
portions of the polymer sequences using a binary 
synthesis strategy. 

Improved data collection equipment and 
techniques are also provided. ^ According to one 
embodiment, the instrumentation provides a system for 
determining affinity of a receptor to a ligand 
comprising: means for applying light to a surface of a 
substrate, the substrate comprising a plurality of 
ligands at predetermined locations, the neans for 
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applying directing light providing simultaneous 
illumination at a plurality of the predetermined 
locations; and an array of detectors for detecting 
fluorescence at the plurality of predetermined locations. 
The invention further provides for improved data analysis 
• techniques including the steps of exposing f luorescently 
labelled receptors to a substrate, the substrate 
comprising a plurality of ligands in regions at known 
locations; at a plurality of data collection points 
within each of the regions, determining an amount of 
fluorescence from the data collection points; removing 
the data collection points deviating from a predetermined 
statistical distribution; and determining a relative 
binding affinity of the receptor from remaining data 
collection points. 

Protected amino acid N-carboxy anhydrides for 
use in polymer synthesis are also disclosed. According 
to this aspect of the invention, a compound having the 
following formula is provided: 




o ° 



where R is a side chain of a natural or unnatural amino 
acid and X is a photoremovable protecting group. 

A further understanding of the nature and 
advantages of the inventions herein may be realized by 
reference- to -the remaining portions of the specification 
and the attached drawings. 
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BRIEF DESCRIPTION Or THE DRAWINGS 
Fig. 1 schemarically illusrrares iight-direcced 

spatially-addressable parallel chemical synthesis; 

Fig. 2 schematically illustrates one example of 

light-directed peptide synthesis; 

Fig. 3 schematically illustrates the software 

for the automated system for synthesizing diverse polymer 

sequences ; 

Fig. Aa and 4b illustrate operation of a 
program for polymer synthesis; 

Fig, 5 is a schematic illustration of a "pure" 
binar\' masking strategy; 

Fig. 6 is a schematic illustration of a gray 
code binary masking strategy; 

Fig. 7 is a schematic illustration of a 
modified gray code binary masking strategy; 

Fig. 3a schematically illustrates a masking 
strategy for a four step synthesis; 

Fig. 3b schematically illustrates synthesis of 
all 400 peptide dimers; 

Fig. 9 is a coordinate map for the ten-step 
binary synthesis; 

Fig. 10 schematically illustrates a data 
collection system; 

Fig, 11 is a block diagram illustrating the 
architecture of the data collection system; 

Fig, 12 is a flow chart illustrating operation 
of software for the data collection/analysis system; and 

Fig. 13 schematically illustrates one example 
of light-directed oligonucleotide synthesis. 
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Definitions 

Cercain terms used herein are intended to have 
following general definitions; 

Coraplesentarv: Refers to the topological 
compatibility or matching together of interacting 
surfaces of a ligand molecule and its receptor. 
Thus, the receptor and its ligand can be described 
as complementary, and furthermore, the contact 
surface characteristics are complementary to each 
other. 

£p;tooe : The portion of an antigen molecule which 
is delineated by the area of interaction with the 
subclass of receprors kno--n as antibodies. 

Lisand: A ligand is a molecule that is recognized 
by a particular receptor. Examples of ligands t.hat 
can be investigated by this invention include,. but 
are not restricted to, agonists and antagonists for 
cell membrane receprors, toxins and venoms, viral 
epitopes, hormones (e.g., opiates, steroids, etc.), 
hormone receptors, peptides, enzymes, enzyme 
substrates, cof actors, drugs, lectins, sugars, 
oligonucleotides, nucleic acids, oligosaccharides, 
proteins, and monoclonal antibodies. 

Monomer : A member of the set of small molecules 
which can be joined together to form a polymer. The 
set of monomers includes but is not restricted to, 
for example, the set of common L-amino acids, the 
set of D-amino acids', the set of synthetic amino 
acids, the set of nucleotides and the set of 
pentoses and hexoses. As used herein, monomer 
refers to any member of a basis set for synthesis of 
a polymer. For example, dimers of the 20 naturally 
occurring L-aaino acids form a basis set of 400 
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aononers for synrhesis of polypeprides . Differenr 
basis sets of aononers Bay be used at successive 
steps in the synrhesis of a polymer. Furrhermore , 
each of the sets nay include protected neabers which 
are nodified after synthesis. 

Peptide : A polyner in which the monomers are alpha 
amino acids and which are joined together through 
amide bonds and is alternatively referred to as a 
polypeptide. In the context of this specification 
it should be appreciated that the aaino acids nay be 
the L-optical isoner or the D-optical isoner. 
Peptides , are often two or more amino acid aononers 
long, and often nore than 2 0 amino acid nonomers 
long. Standard abbreviations for aaino acids are 
used (e.g., P for proline). These abbreviations are 
included in Stryer, Biochemistry , Third Zd. , 1988, 
which is incorporated herein by reference for all 
purposes . 



6. Radiarion : Energy which may be selectively applied 
including energy having a wavelength of between 10"^' 
and 10^ meters including, for example, electron beam 
radiation, gamma radiation, x-ray radiation, ultra- 
violet radiation, visible light, infrared radiation, 
microwave radiation, and radio waves. "Irradiation" 
refers to the application of radiation to a surface. 

7. Receptor : A molecule that has an affinity for a 
given ligand. Receptors may be naturally-occurring 
or synthetic molecules. Also, they can be employed 
in their unaltered state or as aggregates with other 
species. Receptors may be attached, covalently or 
noncovalently, to a binding member, either directly 
or via a specific binding substance. Examples of 
receptors which can be employed by this invention 
include, but are not restricted to, antibodies. 
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cell nemfarane rsceprors, conoclonal antibodies 
and antisera reactive with specific antigenic 
detenainants (such as on viruses, cells, or other 
naterials), drugs, polynucleotides, nucleic acids, 
peptides, cof actors, lectins, sugars, 
polysaccharides, cells, cellular nenbranes, and 
organelles. Receptors are sonetiaes referred to in 
the art as anti-ligands . As the term receptors is 
used herein, no difference in meaning is intended. 
A "Ligand Receptor Pair" is formed when two 
macromolecules have combined through molecular 
recognition to form a complex. 

Other exanples of receptors which can be 
investigated by this invention include but are not 
restricted to: 

^) Microorganism recpntnr-^- Determination of 
ligands which bind to receptors, such as 
specific transport proteins or enzymes 
essential to survival of microorganisms, 
is useful for a new class of antibiotics, of 
particular value would be antibiotics against 
opportunistic fungi, protozoa, and those 
bacteria resistant to the antibiotics 
in current use. 
.b) Hnzymes : For instance, determining the binding 
site of enzymes such as the enzymes responsible 
for cleaving neurotransmitters provides useful 
information. Determination of ligands which 
bind to certain receptors to modulate the 
action of the enzymes which cleave the 
different neurotransmitters is useful in the 
development of drugs which can be used in the 
treatment of disorders of neurotransmission, 
c) Antibodies : For instance, the invention may 
be useful in investigating the ligand-binding 
site on the antibody nolecule which combines 
with the epitope of an antigen of interest; 
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deteraining a sequence thar niaics an antigenic 
epitope nay lead to the developnent of vaccines 
of which the iaaunogen is based on one or more ' 
of such sequences or lead to the developnent ' of 
related diagnostic agents or conpounds useful 
in therapeutic treataents such as for auto- 
iaaune diseases (e.g., by blocking the binding 
of the "self" antibodies). 

Nucleic Acids : Sequences of nucleic acids nay 
be synthesized to establish DNA or RNA binding 
sequences . 

Cata^^^ic P(? l YT3eDt1 dPs: Polyaers , preferably 
polypeptides, vhich are capable of promoting a 
cheaical reaction involving the conversion of 
one or aore reactants to one or nore products. 
Such polypeptides generally include a binding 
site specific for at least one reactant or 
reaction interaediate and an active 
functionality proxiaate to the binding site, in 
which the functionality is capable of 
cheaically nodifying the bound reactant. 
Catalytic polypeptides are described in, for 
exaaple, U.S. application Serial No. 404,920, 
which is incorporated herein by reference for 
all purposes. 

HorTr.one recPntnrs : For instance, the receptors 
for insulin and gro-wth horaone. Deteraination 
of the ligands which bind with high affinity to 
a receptor is useful in the developnent of, 
for exanple, an oral replacenent of the daily 
injections which diabetics nust take to relieve 
the syaptoas of diabetes, and in the other 
case, a replacenent for the scarce human 
growth horaone which can only be obtained from 
cadavers or by recoabinant DNA technology. 
Other exanples are the vasoconstrictive honnone 
receptors; deteraination of those ligands which 
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bind to a recepror nay lead to the developnenr 
of drugs ro control blood pressure. 
9) Opiate receorars: Deteraination of ligands 

which bind to the opiate receptors in the brain 
is useful in the developnent of less-addictive 
replaceaents for norphine and related drugs. 

Substrate : A material having a rigid or semi-rigid 
surface. In many embodiments, at least one surface 
of the substrate will be substantially flat, 
although in some embodiments it may be desirable to 
physically separate synthesis regions for different 
polymers with, for example, wells, raised regions, 
etched trenches, or the like. According to other 
embodiments, small beads may be provided on the 
surface which may be released upon completion of, the 
synthesis. 

Protecting Q-iroup : A material which is chemically 
bound to a monomer unit and which may be removed 
upon selecrive exposure to an activator such as 
electromagnetic radiation. Examples of protecting 
groups with utility herein include those comprising 
nitropiperonyl, pyrenylmethoxy-carbonyl , nitrovera- 
tryl, nitrobenzyl, dimethyl dinethoxybenzyl , 
5-bromo-7-nitroindolinyl , o-hydroxy-c-methyl 
cinnamoyl, and 2-oxymethylene anthraquinone. 

Predefined P.eaion: a predefined region is a 
localized area on a surface which is, was, or is 
intended to be activated for formation of a polymer. 
The predefined region may have any convenient shape, 
e.g., circular,, rectangular, elliptical, wedge- 
shaped, etc. For the sake of brevity herein, 
"predefined regions" are sometimes ' referred to 
simply as "regions." 
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^1'-* Subsranriallv P^jre: A polyner is considered to be 
"substantially pure" within a predefined region of 
a substrate when it exhibits characteristics that 
distinguish it from other predefined regions . 
Typically, purity will be measured in terms : 
biological activity or function as a result :f 
uniform sequence. Such characteristics will 
typically be measured by way of binding with a 
selected ligand or receptor. 



12- Activator refers to an energy source adapted to 

render a group active and which is directed from a 
source to a predefined location on a substrate, A 
primary illustration of an activator is light. 
Other examples of activators include ion beams, 
electric fields, magnetic fields, electron beams, x- 
ray, and the like. 



Binar^/ Synthesis Stratecrv refers to an ordered 
strategy for parallel synthesis of diverse polymer 
sequences by sequential addition of reagents which 
may be represented by a reactant matrix, and a 
switch matrix, the product of which is a product 
matrix, A reactant matrix is a 1 x m matrix of the 
building blocks to be added. The switch matrix is 
all or a subset of the binary numbers, preferably 
ordered, between 1 and m arranged in colunns . in 
preferred embodiments, a binary strategy is one in 
which at least two successive steps illuminate half ' 
of a region of interest on the substrate. In most 

preferred -embodiments, binary synthesis refers to a 

synthesis strategy which also factors a previous 
addition step. For example, a strategy in which a 
switch matrix for a masking strategy halves regions 
that were previously illuminated, illuminating about 
half of the previously illuminated region and 
protecting the remaining half (while also protecting 
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abour half of previously prorecred regions and 
illuminating abour half of previously protected 
regions) . It will be recognized that binary rounds 
may be interspersed with non-binary rounds and that 
only a porrion of a substrate may be subjected to a 
binary scheme, but will still be considered to be a 
binary masking strategy within the definition 
herein. A binary "masking" strategy is a binary 
synthesis which uses light to remove protecting 
groups from materials for addition of other 
materials such as amino acids. In preferred 
embodiments, selected columms of the switch matrix 
are arranged in order of increasing binary numbers 
in the columns of the switch matrix. 

14. Linker refers to a molecule or group of molecules 
attached to a substrate and spacing a synthesized 
polymer from the substrate for exposure/binding to a 
. receptor. 

II . General 

The present invention provides synthetic 
strategies and devices for the creation of large scale 
chemical diversity. Solid-phase chemistry/ photolabile 
protecting groups, and photolithography are brought 
together to achieve light-directed spatially-addressable 
parallel chemical synthesis in preferred embodiments. 

The invention is described herein for purposes 
of illustration primarily with regard to the preparation 
of peptides and nucleotides, but could readily be applied 
in the preparation of other polymers. Such polymers 
include, for example, both linear and cyclic polymers 
of nucleic acids, polysaccharides, phospholipids, and 
peptides having either c-, or a.-amino acids, hetero- 

polymers in which a known drug is covalently bound to any 
of the above, polyurethanes , polyesters, polycarbonates, 
polyureas, polyamides, polyethyleneimines , polyarylene 
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sulfides, polysiloxanes, polyinides, polyacetates , or 
other polymers which will be apparent upon review of this 
disclosure. it will be recognized further, that 
illustrations herein are primarily with reference to 
C- to N-tenainal synthesis, but the invention could 
readily be applied to N- to C-teminal synthesis without 
departing froa the scope of the invention. 

A- Deprote ction and Addition 

The present invention uses a masked light 
source or other activator to direct the simultaneous 
synthesis of many different chemical compounds. Fig. i 
is a flow chart illustrating the process of forming 
chemical compounds according to one embodimenr of the 
invention. Synthesis occurs on a solid support 2. A 
pattern of illumination through a mask 4a using a light 
source 6 determines which regions of the support are 
activated for chemical coupling. In one preferred 
embodiment activation is accomplished by using light to 
remove photolabile protecting groups from selected areas 
of the substrate. 

After deprotection, a first of a set of 
building blocks (indicated by "A" in Fig. l) , each 
bearing a photolabile protecting group (indicated by "X") 
is exposed to the surface of the substrate and it reacts 
with regions that were addressed by light in the 
preceding step. The substrate is then illuminated 
through a second mask 4b, which activates another region 
for reaction with a second protected building block "3". 
The pattern of masks used in these illuminations and the 
sequence of reactants define the ultimate products and 
their locations, resulting in diverse sequences at 
predefined locations, as shown with the sequences ACEG 
and BDFH in the lower portion of Fig. 1. Preferred 
embodiments of the invention take advantage of 
combinatorial masking strategies to form a large number 
of compounds in a small number of chemical steDs. 
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A high degree of niniaturizacion is possible ' 
because the density of coapounds is deterrsined largely 
with regard to spatial addressability of the activator, 
in one case the diffraction of light. Each coapound is 
physically accessible and its position is precisely 
5cnovm. Hence, the array is spatially-addressable and its 
interactions with other nolecules can be assessed. 

In a particular embodiment shown in Fig. i, the 
substrate contains amino groups that are hjlocked with a 
photolabile protecting group. Amino acid sequences are 
made accessible for coupling to a receptor by removal of 
the photoprotecting groups. 

When a polymer sequence ro be synthesized is, 
for example, a polypeptide, amino groups at the ends of 
linkers attached to a glass substrate are derivatized 
with nitroveratryloxycarbonyi (KVOC) , a photorenovable 
protecting group. The linker aolecules may be, for 
example, aryl acetylene, ethylene glycol oligomers 
containing from 2-10 monomers, diamines, diacids, amino 
acids, or combinations thereof. Photodeprotection is 
effected by illumination of the substrate through, for 
example, a mask wherein the pattern has transparent 
regions with dimensions of, for example, less than 1 cm', 
10"- cm-, 10-' cm-, 10"^ cm', lo"^ cm", lo"' cm* , lo"' cm", 
10"' cm^ 10"' cm-, or lO"'" cm". In a preferred embodiment, 
the regions are between about 10x10 fim and 500x500 /^m. 
According to some embodiments, the masks are arranged to 
produce a checkerboard array of polymers, although any 
one of a variety of geometric configurations may be 
utilized. 

1. Example 

In one example of the invention, free amino 
groups were f luorescently labelled by treatment of the 
entire substrate surface with fluorescein isothiocynate 
(FITC) after photodeprotection. Glass microscope 
slides were cleaned, aminated by treatment with 
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o:'l% aminopropyltriethoxysilane in 95% ethanol , and 
incubated at 110 'C for 20 nin. The aainated surface 
of the slide was then eiqaosed to a 30 nM solution of 
the N-hydroxysuccini=ide ester of NVOC-GABA 
(nitroveratryloxycarbonyl-T -amino butyric acid) in DMF. 
The NVOC protecting group was photolytically removed by 
imaging the 3 65 nm ourput from a Hg arc lamp through a 
chrome on glass 100 pm checkerboard mask onto the 
substrate for 20 nin at a power density of 12 mW/ca*. The 
exposed surface was then treated with 1 mM FITC in DMF. 
The subs-rate surface was scanned in an epi-f luorescence 
microscope (Zeiss Axioskop 20) using 488 nm excitation 
from an argon ion laser (Spectra-Physics model 2025) . 
The fluorescence emission above 520 nm was detecred by a 
cooled phoromultiplier (Hamamarsu 943-02) operated in a 
phoron counting mode. Fluorescence intensity was 
translated into a color display with red in the highest 
inrensity and black in the lowest intensity areas. The 
presence of a high-contrast fluorescent checkerboard 
partem of lOOxlOO ^im elements revealed tiaat free amino 
groups were generated in specific regions by spatially- 
localized phorodeprorection . 

2 . Zxamole 

Fig. 2 is a flow chart illustrating another 
example of the invention. Carboxy-activated NVOC-leucine 
was allowed to react with an aminated substrate. The 
carboxy activated HOBT ester of leucine and other amino 
acids used in this synthesis was formed by mixing 
0.25 mmol of the NVOC amino protected amino acid with 
37 mg K03T ( 1-hydroxybenzotriazole) , ill mg 30P 
(benzotriazolyl-n-oxy-tris (dimethylamino) - 
phosphoniuahexa-fluorophosphate) and. 86 m1 DIEA 
(diisopropylethylamine) in 2.5 ml DMF. The HVOC 
protecting group was removed by unifora illumination. 
Carboxy-activated NVOC-phenylalanine was coupled to the 
exposed amino croups for 2 hours at room temperature, 
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and then washed with DMF and methylene chloride. Two 
unnasked cycles of photodeprotection and coupling with 
carboxy-activated NVOC-glycine were carried out. The 
surface was then illuainated through a chroae on glass 
50 nm checkerboard pattern nask. Carboxy-activated 
NQ-t30C-0-tButyl-L-tyrosine was then added. The entire 
surface was uniforaly illuminated to photolyze the 
remaining MVOC groups. Finally, carboxy-activated 
NVOC-L-proline was added, the NVOC group was removed by 
illumination, and the t-30C and t-butyl protecting groups 
were removed with TFA. After removal of the protecting* 
groups, the surface consisted of a 50 n^n checkerboard 
array of Tyr-Gly-Gly-?he-Leu (YGGFL) and Pro-Gly-Gly-Phe- 
Leu (PGGFL) , See also SEQ ID N0:1 and SEQ ID N0:2. 

3. Antibo dy Recognition 

In one preferred embodiment the substrate is 

used to determine which of a plurality of amino acid 

sequences is recognized by an antibody of interest. 

1 • Example 

In one example, the array of pentapeptides in- 
the example illustrated in Fig. 2 was probed with a mouse 
monoclonal antibody directed against p-endor?hin. This 
antibody (called 3E7) is known to bind YGGFL and YGGFH 
(see also SEQ ID NO:l and SEQ ID NO; 21) with nanomolar 
affinity and is discussed in Meo et al . , Proc. Natl . 
Acad. Sci. USA (1983) 80:4084, which is incorporated by 
reference herein for all purposes. This antibody 
requires the amino terminal tyrosine for high affinity 
binding. The array of peptides formed as described in 
Fig, 2 was incubated with a 2 Mg/nl mouse monoclonal 
antibody (3E7) known to recognize YggfL. See also SEQ ID 
NO:l. 3E7 does not bind PGGFL. See also SEQ ID NO: 2. A 
second incubation with f luoresceinated goat anti-mouse 
antibody labeled the regions that bound 3E7. The surface 
was scanned with an epi-f luorescence microscope. The 
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results showed alternating bright and dark 50 squares 
indicating that Yggfl (SZQ ID NO:l) and PGGFL (SEQ 'iD 
HO: 2) were synthesized in a geometric array determined by 
the mask. A high contrast (>12:1 intensity ratio) 
fluorescence checkerboard image shows that (a) YGGFL .SEQ 
ID NO:l) and PGGFL (SEQ ID NO: 2) were synthesized in 
alternate 50 nu squares, (b) YGGFL (SEQ ID NO:l) attached 
to the surface is accessible for binding to antibody 3E7, 
and (c) antibody 3Z7 does not bind to PGGFL (SEQ ID NO : 2 )' 

A three-dimensional representation of the 
fluorescence intensity data in a 2 square by a square 
rectangular portion of the checkerboard was produced! it 
shows that the border between synthesis sites is sharp. 
The height of each spike in this display is linearly 
proportional to the integrated fluorescence intensity in 
a 2.5 pixel. The • transition between PGGFL and YGGFL 
occurs within two spikes (5 Ma). There is little 
variation in the fluorescence intensity of different 
YGGFL squares. The mean intensity of sixteen YGGFL 
synthesis sites was 2.03x10^ counts and the standard 
deviation was 9.5x10^ counts. 

Ill • . Svnthesi 

A. Reactor Svstem 

Fig. 3 schematically illustrates a device used 
to synthesize diverse polymer sequences on a substrate. 
The device includes an automated peptide synthesizer 4 01. 
The automated peptide synthesizer is a device which flows 
selected reagents through a flow cell 4 02 under the 
direction cf a computer 4 04. m a preferred emJDodiment 
the synthesizer is an A3I Peptide Synthesizer, model 
no. 4 31A. The computer may be selected from a wide 
variety of computers or discrete logic including for, 
example, an IB.M PC-AT or similar computer linked with 
appropriate internal control systems in the peptide 
synthesizer. The PC is provided with signals from the 
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board compurer indicarive of, for exanple, the end of a 
coupling cycle. 

Subsrrare 406 is mounted on the flow cell 
forming a cavity between the substrate and the flow 'cell. 
Selected reagents flow through this cavity fron the 
peptide synthesizer at selected times, forming an array, 
of peptides on the face of the substrate in the cavity. 
Mounted above the substrate, and preferably in contact' 
with the substrate is a mask 4 08. Mask 4 08 is 
transparent in selected regions to a selected wavelength 
of light and is opaque in other regions to the selected 
wavelength of light. The mask is illuminated with a 
light source 410 such as a UV light source. in one 
specific embodiment the light source 410 is a model no. 
82420 made by Oriel. The mask is held and translated by 
an x-y-z translation stage 412 such as an x-y translation 
stage made by Newport Corp. The computer coordinates 
action of the peptide synthesizer, x-y translation stage, 
and light source. of course, the invention may be used 
in some embodiments with translation of the substrate 
instead of the mask. 

In operation, the substrate is mounted on the 
flow cell. The substrate, with its surface protected by 
a suitable photo removable protecting group, is exmosed 
to light at selected locations by positioning the mask 
and directing light from a light source, through the 
mask, onto the substrate for a desired period of time 
(such as, for example, i sec to 60 min in the case of 
peptide synthesis) . A selected peptide or other 
monomer/polymer is pumped through the reactor cavity by 
the peptide synthesizer for binding at the selected 
locations on the substrate. After a selected reaction 
time (such as about 1 sec to 300 min in the case of 
peptide reactions) the monomer is washed from the system, 
the mask is ■ appropriately repositioned or replaced, and 
the cycle is repeated. m most embodiments of the' 
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invenrion, reactions nay be conducted at: or near aubienr 
temperarure , 

Figs 4a and 4b are flow charts of the software 
used in operation of the reactor system. At step 502 the 
peptide synthesis software is initialized. At step 504 
the systen calibrates positioners on the x-y translation 
stage and begins a Gain loop. At step 506 the system 
determines which, if any, of the function keys on the 
computer have been pressed. If Fl has been pressed, the 
sysrem promprs the user for input of a desired synthesis 
process. If the user enters F2 , the system allows a user 
to edit a file for a synthesis process at step 510. If 
the user enrers F3 the sysrem loads a process from a disk 
ar srep 512. If the user enrers F4 the sysrem saves an 
entered or edited process to disk at srep 514. If the 
user selects F5 the current process is displayed at step 
516 while selection of F6 starts the main portion of the 
program, i.e., the actual synthesis according to the 
selected process. If the user selects F7 the system 
displays the location of the synthesized peptides, while 
pressing FIO returns the user to the disk operating 
sysrem. 

Fig. 4b illustrates the synthesis step 518 in 
grearer detail. The main loop of the program is started 
in which the system first moves the mask to a next 
position at step 526. During tihe main loop of the 
program, necessary chemicals flow through the reaction 
cell under the direction of the on-board computer in the 
peptide synthesizer. At step 523 the system then waits 
for an exposure command and,' upon receipt of the exposure 
command exposes the substrate for a desired time at step 
530. VThen an acknowledgement of complete exposure is 
received at step 532 the system determines if the process 
is complete at step 534 and, if so, waits for additional 
keyboard input at step 53 6 and, thereafter, exits the 
perform synthesis process. 
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A coapurer program used for operarion of 
the sysrem described above is written in Turbo C (Borland 
Int'l) and has been inplemenred in an 

IBM compatible system.. The moror control software is 
adapted from software produced by Newport Corporation. 
It will be recognized that a large variety of programning 
languages could be utilized without departing from the 
scope of the invention herein. Certain calls are made to 
a graphics program in "Programmer Guide to PC and PS2 
Video Systems" (Wilton, Microsoft Press,. 1987), which is 
incorporated herein by reference for all purposes. 

Alignment of the mask is achieved by one of rwo 
methods in preferred embodiments. In a first embodimenr 
the system relies upon relative alignment of the various 
components, which is normally acceptable since x-y-z 
translation stages are capable of sufficient accuracy for 
the purposes herein. In alternative embodiments, 
alignment marks on the substrate- are coupled to a CCD 
device for appropriate alignment. 

According to some embodiments, pure reagents 
are not added at each step, or complete photolysis of 
the protecting groups is not provided at each step. 
According to these embodiments, multiple products will 
be formed in each synthesis site. For example, if the 
monomers A and 3 are mixed during a synthesis step, A and 
B will bind to deprotected regions, roughly in proportion 
to their concentration in solution. Hence, a mixture of 
compounds will be formed in a synthesis region. A 
substrate formed with mixtures of compounds in various 
synthesis regions may be used to perform, for example, an 
initial screening of a large number of compounds, after 
which a smaller number of compounds in regions which 
exhibit high binding affinity are further screened. 
Similar results may be obtained by only partially 
photolyzing a region, adding a first monomer, 
re-photolyzing the same region, and exposing the 
region to a second monomer. 
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3. 3inar\- Synthesis Strategy 

In a light-directed chemical synthesis, the 
products formed depend on the pattern .and order of masks, 
and on the order of reactants. To make a set: of products 
there will in general be a finite number of possible 
masking strategies. In preferred embodiments of the 
inyention herein a binary synthesis strategy is utilized. 
The binary synthesis strategy is illustrated herein 
primarily with regard to a masking strategy, although it 
will be applicable to other polymer synthesis strategies 
such as the pin strategy, and the like. 

In a binary synthesis strategy, the substrate 
is irradiated with a first mask, exposed to a first 
building block, irradiated with a second mask, exposed to 
a second building block, etc. Each combination of masked 
irradiation and exposure to a building block is referred 
to herein as a "cycle." 

Tn a preferred binary masking strategy, the • 
masks for each cycle allow illumination of half of a 
region of interest on the substrate and no illumination 
of the remaining half of the region of interest. By 
"half" it is intended herein not to mean exactly one-half 
the region of interest, but instead a large fraction of 
the region of interest such as from about 30 to 70 
percent of the region of interest. It will be understood 
that the entire masking strategy need not take a binary 
form; instead non-binary cycles may be introduced as 
desired between binary cycles, 

In preferred embodiments of the binary masking 
strategy, a given cycle illuminates only about half of 
the region which was illuminated in a previous cycle, 
while not illuminating the remaining half of the 
illuminated portion from the previous' cycle. Conversely, 
in such preferred embodiments, a given cycle illuminates 
half of the region which was not illuminated in the 
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previous cycle and does not illuminate half the region 
which was not illuminated in a previous cycle. 

In the synthesis strategy disclosed herein, the 
longest length (t) of the synthesized polyaers is 
£ = n/a; where n is the number of cycles and a is the 
number of chemical building blocks (note that a given 
building block nay be repeated) . 

The synthesis strategy is most readily 
illustrated and handled in matrix notation. At each 
synthesis site, the determination of whether to add a 
given monomer is a binary process. Therefore, each 
product element is given by the dot product of two 
vectors, a chemical reactant vector, e.g., c = (A,B,c,D], 
and a binary vector a,. Inspection of the products 'i.n the 
example below for a four-step synthesis, shows that in 
one four-step synthesis a, = [i,o,l,0], a, = (1,0,0,1], 
= [0,1,1,0], and a, = [0,1,0,1], where a 1 indicates 
illumination and a 0 indicates no illumination. 
Therefore, it becomes possible to build a "switch matrix" 
S from the column vectors (j = i,k where k is the 
number of products) . 



''i °2 °, 

1 1 0 0 

0 0 11 



1 



0 10 



0 10 1 



The outcome P of a synthesis is simply P = cs , the 
product of the chemical reactant matrix and the switch 



matrix, 



The switch matrix for an n-cycle synthesis 
yielding k products has n rows and k columns. An 
important attribute of S is that each row specifies a 
mask. A two-dimensional mask m. for the jth chemical step 
of a synthesis is obtained directly from the jth row of S 
by placing the elements s,,,...Sj, into, for examole, a 
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square fomat. The particular arrangenenr below 
provides a square fornat, although linear or other 
arrangements may be utilized. 



S = 



s,, 


Si: 


S.J 


S|4 


S:i 






S:« 


S3, 




S33 


Sw 
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°i = • Sj, s^. 



Si3 S^ 



Of course, compounds fomed in a light- 
acrivated synthesis can bs positioned in any defined 
geometric array. A square or recrangular natrix is 
convenient bur not required. The rows of the svirch 
aatrix nay be transformed into any convenient array as 
long as equivalent transformations are used for each row. 

For example, the masks in the four-step 
synthesis below are then denoted by: 

°i = ^ ^ m,. = 0 0 m, = 1 0 = 0 1 

0 ° 11 10 0 1 

where i denotes illumination (activation) and 0 denotes 
no illumination. 

The matrix representation is used to generate a 
desired set of products and product maps in preferred 
embodiments. Each compound is defined by the product of 
the chemical vector and a particular switch vector. 
Therefore, for each synthesis address, one simply saves' 
the switch vector, assembles all of then into a switch 
matrix, and extracts each of the rows to form the masks. 

In some cases, particular product distributions 
or a maximal number of products are desired. For 
example, for C = CA,3,C,D), any switch vector (a-) 
consists of four bits. Sixteen four-bit vectors' exist. 
Hence, a maximum of 15 different products can be made by 
sequential addition of the reagents (A,B,C,D]. These 16 
column vectors can be assembled in 15! different ways to 
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form a swirch narrix. The order of the colunn vectors ' 
defines the masking patterns, and therefore, the soatial 
ordering of producrs but not. their makeup , One ordering 
of these columns gives the following switch natrix (in 
Which "null" (0) additions are included in brackets for 
the sake of completeness, although such null additions 
are elsewhere ignored herein) : 
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The .columns of S according to this aspect of the 
invention are the binary representations of the numbers 
15 to 0. The sixteen products of this binary synthesis 
are ABCD, ABC, ABD, AB, ACD, AC. AD, A, BCD, 3C, 3D, 3, 
CD, C, D, and 0 (null). Also nore that each of the 
switch vectors from the four-step synthesis masks above 
(and hence the synthesis products) are present in the 
four bit binary switch matrix. (See columns 6, 7, lo 
and 11) 

This synthesis procedure provides an 
easy way for mapping the completed products. The 
products in the various locations on the substrate are 
simply defined by the columns of the switch matrix (the 
first column indicating, for example, that the oroduct 
ABCD will be present in the upper left-hand location of 
the substrate). Furthermore, if only selected desired 
products are to be made, the mask sequence can be derived 
by extracting the columns with the desired seauences. 
For example, to forr. the produce- set ABCD, ...BD, ACD, AD 
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BCD, 3D, CD, and D, rha isasks are formed by use of a 
switch matrix with only the 1st, 3rd, 5th, 7th, 9th, 
11th, 13th, and 15th columns arranged into zhe switch 
matrix: 

5=1 11100 0 0 
11001100 
10101010 
11111111 

To form all of the polymers of length 4, the reactant 
matrix [ ABCDA3CDA3CDA3CD) is used. The switch matrix 
vill be formed from a matrix of the binary numbers from 0 
zo 2'* arranged in columns. The columns having four 
monomers are rhen selected and arranged inro a switch 
matrix. Therefore, it is seen that the binary switch 
matrix in general will provide a representation of all 
the products which can be made from an n-step synthesis, 
from which the desired producrs are then extracted. 

The rows of the binary switch matrix will, in 
preferred embodiments, have the property that each 
masking step illuminates half of the synthesis area. 
Each masking step also factors the preceding masking 
step; that is, half of the region that was illuminated in 
the preceding step is again illuminated, whereas the 
other half is not. Half of the region that was not 
illuminated in the preceding srep is also illuminated, 
whereas the other half is not." Thus, masking is 
recursive. The casks are constructed, as described 
previously, by extracting the elements of each row and 
placing them in a square array. For example, the four 
masks in S for a four-srep synthesis are: 

^• = 1111 n, = 1111 m3 = iioo a,= loiO 

1111 0000 1100 1010 

0 0 0 0 1111 1100 1010 

0 0 0 0 0000 1100 1010 
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The recursive facroring of niasks allows the 
producrs of a iichr-directied synrhesis zo be represented 
by a polynoaial. (Some light activated syntheses can 
only be denoted by irreducible, i.e., prine polynomials.) 
Tor example, the polynomial corresponding to the top 
synthesis of Fig. 3a (discussed below) is 

P = (A + B) (C r- D) 

A reaction polynonial nay be expanded as though it were 
an algebraic expression, provided that the order of 
joining of reactants X, and X, is preserved (X,X,?i X,X ) , 
I.e., the products are not commutative. The product then 
is AC -r AD -i- 3C ^ BD. The polynomial explicitly 
specifies the reactants and implicitly specifies the naslc 
for each step. Each pair of parentheses demarcates a 
round of synthesis. The chemical reactants of a round 
(e.g., A and 3) react at nonoverlapping sites and hence 
cannot combine with one another. The synthesis area is 
divided equally amongst the elements of a round (e.g., a 
is directed to one-half of the area and B to the other 
half). Hence, the masks for a round (e.g., the masks m^ 
and mg) are orthogonal and form an orthonormal set. The 
polynomial notation also signifies that each element in a 
round is to be joined to each element of the next round 
(e.g., A with C, A with D, 3 with C, and 3 with D) . This 
is accomplished by having m^ overlap m^ and equally, 
and likewise for m^. Because C and D are elements of a 
round, He and m^ are orthogonal to each other and fona an 
orthonormal set. 

The polynomial representation of the binary 
synthesis described above, in which 15 products are made 
from 4 reactants, is 



P = (A ^ 0) (3 -r 0) (C T 0) (D + 0) 
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vhich gives .^CD, ABC, A3D, A3, ACD, AC, AD, A, BCD, 3C, 
an, 3, CD, C, D, and 0 When expanded (with the rule that 
2S< = X and >25 = X, and remeabering that joining is 
ordered). m a binary synthesis, each round contains one 
reacrant and one null (denoted by 0) . Half of the 
synthesis area receives the reactant and the other half 
receives nothing. Each mask overlaps every other mask 
equally. 

Binary rounds and non-binary rounds can be 
interspersed as desired, as in 



o = 



(A 0) (B) (C + D + 0) (Z + F ^ G) 



The 13 co-:pounds formed are .^3CZ, .^BCF, ABCG, ABDE, .K3DF 
A3DG, ABE, A3F , ^.BG , BCE, 3CF , 3CG, BDE, 3DF, 3DG , 3E. 
3F, and 3G. The switch matrix S for t.his 7-step 
synthesis is 

111111111000000000 
11111111111111111^ 

111000000111000 0 00 
5 = 00 0 1 11000000111000 
100100100100100100 
010010010010010010 
001001001001001001 

The round denoted by (B) places B in all products because 
the reaction area was uniformly activated (the mask for B 
consisted entirely of I's). 

The number of compounds k formed in a synthesis 
consisting of r rounds, in which the ith round has b, 
chemical reactants and Z; nulls, is 



= I (b,+ 2.) 
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and the number of chemical sr 



ens n is 



n = Zb; 



The number of coapounds synthesized when b = a (the 
nunber of chemical building blocks) and z = o in all 
rounds is a"', compared with 2° for a binary synthesis 
For n = 20 and a = 5, 525 compounds (all tetramers) would 
be formed, compared with 1.049x10* compounds in a binary 
synthesis with the same number of chemical steps. 

It should also be noted that rounds in a 
polynomial can be nested, as in 



(A - (3+0) (c-f0) ) (D-K2) 

The products are AD, BCD, 3D, CD. D, A, 3C, 3, c, and 0. 

Binary syntheses are attractive for two 
reasons. First, they generate the maximal numbe- of 
products (2») for a given number of chemical steos (n) 
For four reactants, is compounds are formed in the binary 
synthesis, whereas only 4 are made when each round has 
two reactants. A 10-step binary synthesis yields i 024 
compounds, and a 20-step synthesis yields 1,048,576' 
Second, products formed in a binary synthesis are a' 
complete nesred set with lengths ranging from 0 to n 
All compounds that can be formed by deleting one or more 
units from the longest product (the n-mer) are oresent 
contained within the binary set are the smaller" sets that 
would be formed from the same reactants using any other 
set of masks (e.g., AC, AD, EC, and BD formed in the 
synthesis shown in Fig. 5 are present in the set of 16 
formed by the binary synthesis,. m some cases, howeve>- 
the experimentally achievable spatial resolution may nol' 
suffice to accommodate all the compounds formed 
Therefore, practical limitations may reauire one to 
select a particular subset of the possible switch vectors 
for a given synthesis. 
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1 . Zxanole 



Fig. 5 illusurares a synthesis with a binary 
masking strategy. The binary nasJcing strategy provides 
the greatest number of sequences for a given number of 
cycles. According to this embodiment, a mask a, allovs 
illumination of half of the substrate. The substrate is 
then exposed to the building block A, which binds at the 
illuminated regions. 

Thereafter, the mask n, allows illumination of 
half of the previously illuminated region, while it does 
not illuminate half of the previously illuminated region. 
The building block 3 is then added, which binds at the 
illuminated regions fro::^ n,. 

The process continues with masks m,, m. , and n,, 
resulting in the product array shown in the bottom 
portion of the figure. The process generates 32 (2 
raised to the power of t.he number of monomers) sequences 
with 5 (the number of monomers) cycles. 

2 . Example 

Fig. 6 illustrates another preferred binary 
masking strategy which is referred to herein as the gray 
code masking strategy. According to this embodiment, the 
masks m, to P., are selected such that a side of any given 
synthesis region is defined by the edge of only one mask. 
The site at which the sequence 3CDE is formed, for 
example, has its right edge defined by and 'its left 
side formed by mask m, (and no other mask is aligned on 
the sides of this site). Accordingly, problems created 
by misalignment, diffusion of light under the mask and 
the like will be minimized. 

3 . Zxamole 

Fig. 7 illustrates another binary masking 
strategy. According to this scheme, referred to herein 
as a modified gray code masking strategy, the number of 
nasks needed is minimized. For example, the mask m, could 



be rhe sane aask as ni and simply translated laterally. 
Similarly, the nask'n. could be the same as mask m, and 
sinply translated laterally. 

< . Example 

A four-step synthesis is shown in Fig. 3a. The 
reactants are the ordered set {A,3,C,D}. In the first 
cycle, illumination through m, activates the upper half of 
the synthesis area. Building block A is then added to 
give the distribution 602. Illmaination throuah mask m, 
(Which activates the lower half), followed by addition of 
3 yields the next intermediate distribution 604. c is 
added after illumination through m, (which activates the 
left half) giving the distribution 604, and D after 
illumination through m. (which activates the right half) , 
to yield the final product pattern 608 {AC,AD,3C,3D} . . ' ' 

5 . Example 

The above masking strategy for the synthesis 
may be extended for all 4 00 dipeptides from the 20 
naturally occurring amino acids as shown in Fig. 8b. The 
synthesis consists of two rounds, with 20 photolysis and 
chemical coupling cycles per round. In the first cvcle 
of round 1, mask 1 activates i/20th of the substrate for 
coupling with the first of 20 amino acids. Nineteen 
subsequent illumination/coupling cycles in round 1 yield 
a substrate consisting of 20 rectangular strioes each 
bearing a distinct member of the 20 amino acids. The 
nasks of round 2 are' perpendicular to round i masks and 
therefore a single illumination/coupling cycle in round 2 
yields 20 dipeptides. The 20 illumination/couoling 
cycles of round 2 complete the synthesis of the 400 
dipeprides . 

6 • Example 

The power of the binary masking strategy can be 
appreciated by the outcome of a lo-step synthesis that 
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produced 1,024 peptides. The poiynor.ial expression for 
this lO-snep binary synthesis was: 

(f^) (Y-f3) (G4.0) (A^2) (Gt.3) (t^2) (F^2) (l^) (s>0) (f>0) 

Each peptide occupied a 4 00x4 00 Mm square. A 
32X32 peptide array (i,024 peptides, including the null 
peptide and lo peptides of 2 = i , and a limited nuaber of 
duplicates) was clearly evident in a fluorescence scan 
following side group deprotection and treatnent with the ' 
antibody 3Z7 and f luoresceinated antibody. Each 
synthesis site was a 400x400 square. 

The scan showed a range of fluorescence 
intensities, fron a background value of 3,300 counts to 
22,400 counts in the brightest square (x =20, y = 9). 
Only 15 compounds exhibited an intensity greater than 
12,300 counts. The nedian value of the array was 4,800 
counts . 

The identity of each peptide in the arrav could 
be detemined fron its x and y coordinates (each range 
fron 0 to 31) and the nap of Fig. 9. The chenical units 
at positions 2, 5, 6, 9, and lo are specified bv the y 
coordinate and those at positions 1, 3, 4, 7, s'bv the x 
coordinate. AH but one of the peptides was shorter than 
10 residues. .For exanple, the peptide at x = 12 and 
y = 3 is YGAGF (SEQ ID N0:3; positions 1, 6, 3, 9, and 10 
are nulls). YGAFLS (SEQ IDN0:4), the brightest element 
of the array, is at x = 20 and y = 9. 

It is often desirable to deduce a binding 
affinity of a given peptide from the measured 
fluorescence inte.nsity. Conceptually, the sinnlest case 
IS one m which a single peptide binds to a univalent 
antibody molecule. The fluorescence scan is carried out 
after the slide is washed with buffer for a defined time 
The order of fluorescence intensities is then a measure 
priBarily of the relative dissociation rates of the 
antibody-peptide complexes. If the on-rate constants are 



the same ( & c i* ^ 

e situation .s soin.^i^es nore conplax because a 

rriv^r ^ ^ ^---^ ----- 

Another iaportanr consideration is -ho ^-^ 
of synthesis noi»^- -ii-ion is ^he fidelity 

Dho-ld. °^i-^^ons are produced by inconnlete 

pno.odeprotection or inconplete counling THe. , • 
yield Der cycle -h. P-^ing. The coupling 

'-ys-_e in i.hese exDef-^ npn-r c ,• ^ ■ 
85% and -95% T„ni • tiypically between 

yst. inpleaentmg the switch ^ 

i= inperfecr because cf Uchr dif^ ' 
(cheoical units -uj l T sro.away^ 

n«ded to assess the f<deU-v "nrrols- 
exaBr.Ie, the -^uo- °' " synthesis. For 

a -pepude .eiet'ioVi:: o"": 

of the ABCD sito ^ that 



t^e .r.ay obta n' d C th "™ent peptides in 

■described abov 1: " =:r"^= °^ ^'-^ P^P^i^es 

. (SEC ID NO-S, vL1 " 

.err <sro" 0 ^ j" ' L",":"'' " 

' A s^^.xmg feature is that 
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all. fifteen begin with YC , which agrees with previous 
work showing char an anino-cerainal tyrosine is a key 
detenainant of binding to 3Z7. Residue 3 of this set is 
either A or G, and residue 4 is either r or L. The 
exclusion of S and T from these positions is clear cut. 
The finding that the preferred sequence is YG (A/G) (F/L) 
fits nicely with the outcome of a study in which a very 
large library of peptides on phage generated by 
reconbinant DMA nethods was screened for binding to 
antibody 3Z7 (see Cwirla et al. , Proc. Natl. Ar^H . c;^,- 
USA, (1990) 37:6373, incorporated herein by reference). 
Additional binary syntheses based on leads froa peptides 
on phage experiaents show that YGAFMQ (SEQ id NO: 18), 
VGAFM (SEQ ID NO:19), and YgafQ (SEQ ID N0:20) give 
stronger fluorescence signals than does YGGFM (SEQ ID 
NO: 21), the inaunogen used to obtain antibody 3E7. 

Variations on the above nasking strategy will 
be valuable in certain circunstances . For exanple, if a 
"kernel" sequence of interest consists of ?QR separated 
froa XYZ, the ain is to synthesize peptides in which 
these units are separated by a variable number of 
different residues. The kernel can be placed in each 
peptide by using a nask that has I's everywhere. The 
polynoaial representation of a suitable synthesis is: 

(P) (Q) (H) (A-+^) (B-H3) (C-H3) (D-f0) (X) (Y) (Z) 

Sixteen peptides will be fonaed, ranging in length froa 
the 6-mer PQRXY2 to the 10-mer PQRABCDXYZ. 

Several other nasking strategies will also find 
value in selected circunstances. 3y using a particular 
mask more than once, two or nore reactants will appear in 
the same set of products. For exanple, suppose that the 
aask for an 8-step synthesis is 



A 
B 



11110000 
00001111 
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C 11001100 

0 00110011 

E 10101010 

^ 01010101 

G 11110000 

H 00001111 



The products are ACZG, ACFG ADrr a^^^ 
Bern, BOZH, and BOr.. . , .l«.s app. ; „ : 
Prcuc. axthcug. not necessarily „e« Z eL^cL 
because their additions .ere directed by tZ t ' 
and likewise for 3 and K. 

Link.- g qlec-in^ 

According to prererred embodinents the 
nolecules used as an interr,ediary between th. 
polymers and the substrate are selec-ed 

and.or type .or improved L^dl . 
a recenror. Accnrriinr. - -^"^eraction with 

According co this aspect of ^h« • 

diverse linkers o. .aryin, len,th\nd/ t^'e^"::"^^"" 
synthesized for subsequent attachoent of a^I,a„! 
Through variations in the length and type oj Unke ■ 
becoaes Dossiblp ...^^ • imker, it 

u ^ H'-— xze rne binding inters 

between an i^obili^ed ligand and .ts rLeotor 

The degree of binding between a ligand 
(P-t.de, inhibitor, hapten, drug etc , and 
(enzyne, antibodv, etc , whl„ receptor 
1 u-,. y, etc.) when one oi the partners i= 

inmobUlzed on to a substrate win „ ' 
=<-end on the accessibility of th" - -""^i-nts 
to the i^obilized ligand The a " 

depend on the .eng-h and/ - 

*t;ng^n and/or tVDe nf ^^^h. 

'^echnology .ricr^LI^I^Tto^r al-- 
preferably ^nac-iv. • ^en^ate an array of, 

-LV, _nac-.ive or inert linkers of varv-in., ^ 
and/or tvpe usina r,h^^ u • • varying length 

-pe, using pnotochemical protecting groups to 
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selecriveiy expose different regions of the subsrrare and 
to Duild upon chenically-acrive groups. 

In rhe siaplesr enbodirient: of this concent 
the same unit is attached to the subsrrate in varying 
multiples or lengths in knoun locations on the substrate 
via VI^IPS technigues to generate an array of polymers of 
varying length. A single ligand (peptide, droag, haoten 
etc.) is attached to each of them, and an assay is " ' 
performed with the binding site to evaluate the degree of 
binding .with a receptor ^at is known to bind to the 
lagand. In cases where the linker lengrh imoacts the 
ability of the recepror to bind to the ligand, vailing 
levels of binding will be observed. In general, the 
linker which provides the highest binding will then be 
used to assay other ligands synthesized in accordance 
with the techniques herein. 

According to other eiabodinents the binding 
between a single ligand/receptor pair is evaluated for 
linkers of diverse monomer sequence. According to these 
embodiments, the linkers are synthesized in an array in 
accordance with the rechniques herein and have different 
monomer sequences (and, optionally, different lengths) 
Thereafter, all of the linker molecules are nrovided with 
a ligand kno-wn to have at least some binding affinitv for 
a given receptor. The given receptor is then exposed to 
the ligand and binding affinity is -deduced. Linker 
molecules which provide adequate binding between the 

ligand and recentor are then n^si^^^^ ; 

Git; uaen uriiized m screening 

studies. 

Protecting Groimc: 

As discussed above, selectively removable 
protecting groups allow creation of well defined areas of 
substrate surface having differing reactivities 
Preferably, the protecting groups are selectively removed 
from the surface by applying a specific activator, such 
as electromagnetic radiation of a specific wavelength and 
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inrensitv. m 



ore DrefoT-ahiv - 

. si-«-aniy, ,he speciric activator 

-exposes selec-ced areas of t^e ^ur-^^r~ ^ 

u.ie surrace to renove the 
protecting groups in the exposed areas. 

Protecting groups of the present invention are 
used .n conjunction with solid phase oligomer sy es s 

Zl^' 7"""' -^"-^ - unnatur ' 

aBxno acds, nucleotide syntheses using deoxyribonucleic 
and ribonucleic poiHc i • -^^'juucxeic 
ll>ce in IZZ t "'^'"^^"'--i'^- synthases, and the 
like. in .dd.t.on t= protecting the substrate surface 
fron unwanted reaction i-hr. ^ • '^i-tace 

reaction, the protecting grpuos block a 
reactive end of the po„o„er to prevent ' 
self-Ppi™erizatip„. Tor instance, attachment of a 
protecting group to the aaino teminus of an activated 
anino ac.d, such as an N-hydro„succininide-activated 
ester of the a=„o acid, prevents the a.ino ter: 3" f 
one =ononer fron reacting ulth the activated este" 
portion of another during peptide synthesis. 
Alternatively, the protecting group .ay he attached to 

carboxyl group of an amino acid 
.d the nature of t..e cheoicai synthesis „iii 
^hich reactive group „in retire a protecting group 
Analogously, attachment of a protecting grouo t! the 

-hydro>cyl group of a nucleoside during synthesis using 
for example, phosphate-triester coupling chemistry 
prevents the S-hydro^cyi of one nucleoside from dieting 
.ith the 3. -activated phosphate-triester o, .ZZl " 

Regardless of the specific use, protecting 
groups are employed to protect a moiety on a molecule 
from reacting with another reagent. Protecting groups of 
the present invention have the following chara!t!rist cs 

.0 unich they are attached, they are stable (that Is ' 
they remain attached to the moleculel -o t-h» ' 
reaction conditions- th^v yn^nesis 
... ^ . ° ^ ^""^ reaovable under conditions 

that ao not adversely affect >- • • • -^^J-ons 

affect .he renaming structure; and 
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once removed, rhey do nor reacr appreciably with the 
surface or surface-bound oiigoner. The selection of a 
suitable protecting group will depend, of course, on the 
chemical nature of the monoaer unit and oligomer, as well 
as the specific reagents they are to protect against. 

In a preferred embodiment, the protecting 
groups are photoactivatable. The properties and uses of 
photoreactive protecting compounds have been reviewed, 
see, Mccray et al . , Ann. Rev, of Bionhv... .p d Rinr.h^.c 
Chem^ (1989) 18:239-270, which is , incorporated herein by 
reference. Preferably, the photosensitive protecting 
groups will be removable by radiation in the ultraviolet 
(UV) or visible portion of the electromagnetic spectrum. 
More preferably, the protecting groups will be removable 
by radiation in the near UV or visible portion of the ' 
specrrum. In some embodiments, however, activation may 
be performed by other methods such as localized heating, 
electron bean lithography, laser pumping, oxidation or ' 
reduction with microelectrodes , and the like. Sulfonyl 
compounds are suitable reactive groups for, electron beam 
lithography. Oxidative or reductive removal is 
accomplished by exposure of the protecting group to an 
electric current source, preferably using microelectrodes 
directed to the predefined regions of the surface which 
are desired for activation. Other methods may be used in 
light of this disclosure. 

Many, although not all, of the photoremovable 
protecting groups will be aromatic compounds that absorb 
near-b-V and visible radiation. Suitable photoremovable 
protecting groups are described in, for example, McCray 
et al., Patchornik, J. Amer. chem. Sor . (1970) 92:6333, 
and Amit et al. , J. Ora. ChPm , (1974) 39:192, which are 
incorporated herein by reference. 

A preferred class of photoremovable protecting 
groups has the general formula: 
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9 '^^ NO. 



o 




pi 



Where r', .,^ R' independently a-e e hvd-„ 

A preferred prorecring q-oud s-nir> 
cm/\ u- • ^ y-oup, o-nirroveratrvl 

KV), ..,cn xs used for pro.ec.ing the carbo^l ter^IIus 
an a..no acid or the Hydro^l .roup of a nlieo.^ 
for exanple, is forced when and are each a JT ' 
grouD. tJ-^ D-" -dS nethoxy 

and R are each a hydrogen aton, and n = O: 



NO-, 




A preferred protecting grouo 
6-nxtroveratryloxycarbonyl (NVoc) , vhiLh is used to 
protect the a.ino terminus of an a.ino acid, ^or exa^ol 
IS fonaed when anH , example, 

^> ^nd R are each a nethoxy groun 
and R^ are each a hydrogen atom, and n = ' 
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Anorher preferred prorecring croup, 
6-nitropiperonyi (NP) , which is used for prorecring the 
carboxyi terminus of an aaino acid or the hydroxy! group 
of a nucleotide, for example, is formed when and 
together form a methylene acetal, R\ r' and R^ are each a 
hydrogen aton, and n = 0: 




Another preferred prorecring group, 
6-nitropiperonyloxycarbonyl (NPOC) , which is used to 
protect the amino terminus of an amino acid, for example, 
is formed when ?r and R^ toget±Ler form a methylene acetal, 
R\ R^ and R^ are each a hydrogen atom, and n = l: 



O NO2 




A most preferred protecting group, 
methyl-o-nitroveratryl (MeKV) , which is used for 
protecting the carboxyi terminus of an amino acid 'or the 
hydroxy 1 group of a nucleotide, for example, is formed 
when and R^ are each a methoxy group, R^ and are 
each a hydrogen atom, R^ is a- methyl group, and n = 0: 



Me NO2 




OMe 
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- Ano-her Host preferred pr=,:ecl:inq c-cu„ 

ne.hyl-.-nitr=ver=..yloxycarbcnvl ,„em,oc, ^LT' ■ 

to DrotPr-- • ' it=r*vuuj, which is used 

protzec. .he an.no tenninus of an anino acid ^or 
example, is forced when and are each a . 
group , and R^ are each a hvH ^ °ethoxy 

^re each a hydrogen aton, R^ <s a r,o-^v, , 
group, and n = i; ' • -s a methyl 



Me NO2 




R and R together for^ a methylene acetal ! . 



Me NO, 




nyaroxyl of nucleosides, for evar,r,i^ • 
formed when R* pnH ^ exaaple, is 

and R^ together form a methylene acetal 

and R are each a hydrogen atom, R^ ,-s a mlth 1 
n = 1: / -s a methyl group, and 
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9 NO, 




/ 



A prorecced amino acid having a 
photoacrivatable oxycarbonyl protecting group, such NVOC 
or NPOC or their corresponding methyl derivatives, MeNVOC 
or MeNPOC, respectively, on the aaino teminus is foraed 
by acylating the amine of the amino acid with an 
activated oxycarbonyl esrer of the protecting group. 
Examples of activated oxycarbonyl esters of NVOC and 
HeNVOC have the general formula: 



O 



NO, 




OMe 



OMe 
NVOC-X 




OMe 



OMe 



MeNVOC-X 

where X is halogen, mixed anhydride, phenoxy, 
?-nitrophenoxy, H-hydroxysuccinimide , and the like. 

A protecred amino acid or nucleotide having a 
phoroacrivarable protecting group, such as N'V or NP or 
their corresponding methyl derivatives, MeNV or MeNP, 
respectively, on the carboxy terminus of the amino acid 
or 5 '-hydroxy- terminus of the nucleotide, is formed by ■ 
acylating the carboxy terminus or 5 • -OH with an activated 
benzyl derivative of the protecting group. Examples of 
activated benzyl derivatives of MeNV and MeNP have the 
general formula: 

Me NO, Me ,sjo, 



OMe 




OMe 




MeNV-X 



MeNP-X 
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-here X is halogen, hydroxy!, .osvl . .esvl 
trafluoro.erhyl, diazo, azido, and the 1 

Another method for generating orotected 
aononers is to roar- v, ."-o^ected 

benzylic alcohol derivative ^ 
.he protecting group vith an activated ester 
~r Por example, to protect the car.oxvl^ 1, 
Of an a..no acid, an activated ester of the^L 
reacted with the almhoi ^ • ^""^^ is 

n T:ne alconol derivative of the nroi-oo^- 
grouD. such flc protecting 
y P, such as o-nitroveratrol (NVOH) Exanr^i 
activated esters suitable ^ Examples of 

h.i - suitable for such uses include 

halo-ror.ate, ...ed anhydride, i.idazoyl fornate , 
halide, and also include formation of IJ^^^'' 

the use Of common reagents such as Oc L 1^"' 

like ^^ci '^^'^ and the 

— — ' other examnles of 

actiivated esrers . 

A further nerhod for Qen&r-P.ri^rr 
nonomers is to ^e^r-- -h^ u H-otecred 

- P.O..., ; ::;t\t:Lt:\t::r^^^^^ 

aonomer. "or exa-.ni^ - carson of the 

-or example, to nrotect *-ho i 
of a nucleic acid a H • " • ^'-hydroxyl groun 

eic acid, a derivative having a 5'~^r.^- 
carbon is reacted wit^ -h. k , "Activated 

a wiu.. ^he alcohol .derivative of 
protecting, group, such as methyl-6-nit^ 
(MePyROH) . Exa^oles ! "^^ropiperonol 

-xa_pies o. nucleotides having ac-iv^^,- 
groups attached to the s'-hvH^ , ^^--ivating 

. u tne 3 -hydroxyl grouD hav^. -h<=. 
rormula: - ^ general 




-here V is . haio^en ..oa, a to.yi, .esyl. 

Another cla<;c: r.^ - -s-J-xe. 
. ^. °^ Prererred ohotochemical 

protecting groups has the fonnula: 
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where r\ R^ and independently are a hydrogen atoa, a 
lower alkyl, aryl, benzyl, halogen, hydroxyl, alkoxyl, 
thiol, thioether, amino, nitro, carboxyl , fomare, 
formaaido, sulfanates, sulfide or phosphido group, and 
R^ independently are a hydrogen atoa, an alkoxy, alkyl, 
halo, aryl, or alkenyl group, and n = 0 or i. 

A preferred protecting group, 
1-pyrenylaethyloxycarbonyl (PyROC) , which is used to 
protect the aaino cerainus of an anino acid, for example, 
is formed when R^ through R^ are each a hydrogen atom and 
n = 1; 




Another preferred protecting group, 
l-pyrenylmethyl (PyR) , which is used for protecting the 
carboxy teminus of an amino acid or the hydroxyl group 
of a nucleoside, for example, is formed when R^ through R^ 
are each a hydrogen atoa and n = 0: 



f^l' 007 1/ U007 J 
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An aaino acid having a pyrenylmerhyloxvcarbonvi 
prorecrxng group on its amino rerriinus is fomed'bv * 
acyiation of the free anine of anino acid with an ' 
acr.vated oxycarbonyl ester of the pyrenyl orotecting 
group. Examples of activated oxycarbonyl esters of ^.oc 
have, the general formula: " 




vhere X is halogen, or mixed anhydride, p-nitroohenoxv, 
or -nydroxysuccinimide group, and the like. 

A protected amino acid or nucleotide having a 
c oactxvat^le protecting group, such as PyH, on the 

: 17 '^r"" °' ''^ ^.-hydroxy terminus 

f .he nucleic acid, respectively, is formed by acylating 
.he carboxy terminus or 5 • -o.H with an activated 
pyrenylmethyl derivative of the protecting groun 

-ivat.ves-of Py^c, 



Where X is a halogen atom, a hydroxyl, diazo, o.r azido 

group, and the like. 

^ Another method of generating protected monomers 

.0 react the pyrenylmethyl alcohol moiety of the 
projecting group vith an activated ester of the monomer 



so 
e 



'^O52^^°092 PCr/US9l/08693 

46 

ror example, an acTiivared esrer of an amino acid can be 
reacrsd with rhe alcohol .derivative of the protecring 
group, such as pyrenylaerhyl alcohol (PyROH) , to form the 
prorec-ced derivative of the carfaoxy terminus of the aeino 
acid. Examples of activated esrers include halo-formate, 
mixed anhydride, iaidazoyl formate, acyl halide, and al 
include formation of the activated ester in situ and th 
use of common reagents such as DCC and the like. 

Clearly, many photosensitive protecting grouos 
are suitable for use in the present invention. ' 

In preferred embodinenrs, the substrate is 
irradiated to remove the photoremovable protecting grouos 
and create regions having free reactive moieties and side 
products resulting from the protecting group. The 
removal rate of the protecting groups depends on the 
wavelength and intensity of the incident radiation, as 
well as the physical and chemical properties of the 
protecting group itself. Preferred protecting groups are 
removed at a faster rate and with a lower intensity of 
radiation. For example, at a given set of conditions, 
MeKVOC and MeNPOC are photolytically removed from the 
N-teminus of a peptide chain faster than their 
unsubstituted parent compounds, jrvoc and NPOC, 
respectively . 

.Removal of the protecting group is accomplished 
by irradiation to separate the reactive group and the 
degradation products derived from the protecting group. 
Not wishing to be bound by theory, it is believed" that 
irradiation of an N-VOC- and MehTVOC-protected oligomers 
occurs by the following reaction schemes: 



NVOC-.iJ^ -> 3 , 4-diaethox^/-6-nitrosoben2aldehyde CO^ AA 
MeNVOC-AA-> 3,4-dimethoxy-6-nitrosoacetophenone - CO -i- AA 



where AA represents the .K-terminus of the amino acid 
oligomer . 
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Along with the unprorecred aaino acid orhe- 
products are liberated into solution: carbon dioxide'and 
a 2,3-aanerhoxy-5-nitrosophenylcarbonvl coaoound vhich 
can react with nucleophilic portions of the oligomer -o 
ronn unwanted secondary reactions. In the case of an^ 
.WOC-prorecred aaino acid, the degradation produc- is a 
nxtrosobenzaldehyde, while the degradation product for 
the other is a nitrosophenyl ketone. For instance t is 
believed that the product aldehyde froa KVOC degradation 
reacts wxth free aaines to fora a Schiff base (iaine) 
that affects the remaining polyaer synthesis. orefe-^ed 
phororeaovable protecting groups react slowly 
reversibly with the oligoaer on the support. 

Again nor wishing ro be bound bv theor^• ,-5 
believed that the produce kerone froa irradiatio^' of \~ 
MehfVOC-protecred oligoaer reacrs at a slower rate with 
nucleophiles on the oligoaer than the product aldehydes 
froa irradiation of the same KVOC-protected oligoaer 
Although not unambiguously deterained, it is believed 
that thxs difference in reaction rate is due to the 
difference in general reactivity between aldehvdes and 
>ce.ones towards nucleophiles due to steric and' electronic 
effecrs. ^wxt. 

. The phororeaovable protecting grouos of the 
present invention are readily removed. For exaaole, the 
Phorolysis of N-protected L-phenylalanine in solution 
having different photoreaovable protecting grouns was 
analyzed, and the results are presented in the following 
table: ^ 



Table 

Photolysis of o^m-or-ted L-?ho-OH 




Solvent 
Dioxane 

5aM H,SOyDioxane 



wo 92/10092 



48 



PCT/US9 1/08693 



The half life, is the tiae in seconds 

required to remove 50% of the starring amount of 
prorecting group. H30C is the 6-nitrobenzylo)cycarbonyl 
group, hTVOC is the 6-nitroveratrylojcycarbonyl group, 
MeNVOC is the methyl-6-nitroveratryloxycarbonyl group, 
and MeNPOC is the nethyl-o-nitropiperonyloxycarbonyl 
group. The photolysis was carried out in the indicated 
solvent vith 352/364 ma-wavelength irradiation having an 
intensity of lo mW/cm^ and the concentration of each 
prorected phenylalanine was 0.10 mM. 

The table shows that deprotecrion of >TVOC-, 
MeKVOC-, and HeNPOC-prorected phenylalanine proceeded 
rasrer than the depronecrion of NBOC. Furrhemore, it 
shows that the deprotection of the two derivatives that 
are substituted on the benzylic carbon, MeNVOC and 
Me.KPOC, were photolyzed at the highest rates in both 
dioxane- and acidified dioxane. 

^- Use of Photore novable Groups Purina 
SQlid-Phase Svyi rhesis of Penririp':; 

The formation of peptides on a solid-phase 

support requires the stepwise attachment of an amino acid 

to a substrate-bound growing chain. In order zo prevent 

unwanted polymerization of the monomeric amino acid under 

the reaction conditions, protection of the amino terminus 

of the amino acid is required. After the monomer is 

coupled to the end of the peptide, the N-terminal 

protecting group is removed, and another amino acid is 

coupled to the chain. This cycle of coupling and 

deprotecting is continued for each amino acid in the 

peptide sequence. See Merrifield, J. Am. Chem. <^nr 

(1963) 85:2149, and Atherron et ai . , "Solid Phase 

Peptide Synthesis" 1989, IRL Press, London, both 

incorporated herein by reference for all purposes. As 

described above, the use of a photoremovable protecting 

group allows removal of selected portions of the 
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subsrrare surface, via parramed irradiation, during the 
aaprorecrion cycle of the solid phase synthesis. This 
selectively allows spatial control of the synthesis-^he 
next aamo acid is coupled only to the irradiated areas. 

In one eiabodimenr , the photorenovable 
protecting groups of the present invention are attached 
to an activated ester of an amino acid at the amino 
terminus : 



Where R is the side chain of a natural or unnatural amino 
acid, .X IS a photoremovable protecting grouo, and Y is an 
activated carboxylic acid derivative. The photoremovable 
protecting group, X, is preferably hTVOC, NPOC PyRoc 
MehfVOC, MeNPOC, and the like as discussed above The 
activated ester, Y, is preferably a reactive derivative 
having a high coupling efficiency, such as an acyl 
halide, mixed anhydride, N-hydroxysuccinimide ester 
perfluorophenyl ester, or urethane protected acid, Ind 
the like. other activated esters and reaction conditions 
are well known (See Atherton et ai . ) . 

^- of PhotoreanvP^hl e Groim<. nMr-^p -r 

SoUd-PhasP^pthesis of n 1 jLggnucligtldes 
The formation of oligonucleotides on a 
solid-phase support requires the stepwise attachment of a 
nucleotide to a substrate-bound growing oligomer. In 
order to prevent unwanted polymerization of the monomeric 
nucleotide under the reaction conditions, protection of 
the 5'-hydroxyl group of the nucleotide is reouired. 
After the monomer is coupled to the end of the oligomer 
the 5. -hydroxy 1 protecting group is removed, and another 
nucleotide is coupled to the chain. This cycle of 
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coupling and depro-eczing is continued for each 
nucleoride in the oiigoBer sequence. See Gait, 
"Oligonucleotide Synrhesis: A Prac::ical Approach" 1984, 
IRL Press, London, incorporated herein by reference fcr 
all purposes. As described above, the use of a 
photoremovable prorecring group allows renoval, via 
patterned irradiation, of selecred portions of the 
substrate surface during the deprotection cycle of the 
solid phase synthesis. This selectively allows spatial 
control of the synthesis— the next: nucleotide is coupled 
only to the irradiated areas. 

Oligonucleotide synthesis generally involves 
coupling an activated phosphorous derivative on the 
3'-hydroxyl group of a nucleoride with the 5 ' -hydro>cyl 
group of an oligoner bound to a solid support. Two aajor 
cheaical aethods exist to perform this coupling: the 
phosphate-triester and phosphoranidite nethods (See 
Gait) . Protecting groups of the present invention are 
suitable for use in either aethod. 

. In a preferred embodinent, a photorenovable 
protecting group is .attached to an activated nucleotide 
on the 5' -hydroxy 1 group: 




OP R 



where 3 is the base attached to the sugar ring; R is a 
hydrogen aton when the sugar is deoxyribose or R is a 
hydroxyl group when the sugar is ribose; P represents an 
activated phosphorous group; and X is a photoremovable 
protecting group. The photoremovable protecting group, 
X. is preferably tV/ , hp, pyR, MeNV, MeNP, NVOC, NPOC,"' 
PyROC, MeKVOC, MeNPOC, and the like as described above. 
The activated phosphorous group, ?, is preferably a 
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reacrive derivative having a high coupling efficiencv 
. such as a phosphate-triesrer , phosphoramidite or the' ' 
like. other ac-ivated phosphorous derivatives, as veil 
as reacrion conditions, are well known (See Gait). 
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^-^ino A cid N-Carboxv Anhydrides 
Prorecred With a Phororeinovable Groun 

During Merrifield peptide' synthesis, an 
activated ester of one anino acid is coupled with the 
free amino terainus of a substrate-bound oligomer. 
Activated esters of amino acids suitable for the solid 
phase synthesis include halo-f ornate , nixed anhydride, 
iaidazoyl fomate, acyl halide, and also includes 
formation of the activated ester in situ and the 
use of common reagents such as DCC and the like 
(See Atherton et al . ) . A preferred protected and 
activated amino acid has the general formula: 

O 

I o 
I o 

vhere R is the side chain of the amino acid and X is a 
photoremovable protecting ' group . This compound is a 
urethane-prorected anino acid having a photorenovable 
protecting group attached to the amine. A more preferred 
activated anino acid is formed when the photoremovable 
protecting group has the general fon^ula: 




where ?} , r\ r\ and independently are a hydrogen atom, 
a lower alkyl, aryl, benzyl, halogen, hydroxyl , alkoxyl, 
thiol, thioerher, amino, nitro-, carboxyl , fomate, 
fomamido or ph'osphido group, or adjacent substituehts 
(I.e., H -R , R^-R^, R^-R-*) are substituted oxygen groups 
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tha^ together fom a cyclic acerai or keral ; and is a 
h-ydrcgen aron, alkoxyl, alkyl, halo, aryl, or alkenyl 
group. 

A preferred activated amino acid is 
fomed when the photoremovable protecting group is 
6-nitroveratryloxycarbonyl. That is, and are each a 
hydrogen atom, and are each a nethoxy group, and 
is a hydrogen aton. Another preferred activated 'amino " 
acid is formed when the photoremovable group is 
6-nitropiperonyl: R^ and R^ are each a hydrogen atom, 
and R^ together form a methylene acetal, and R^ is a ' 
hydrogen atom. Other protecting groups are possible. 
Another preferred activated ester is formed when the 
phororemovable group is methyi-6-nitroverarryl or mer.hyl- 
6-nirropiperonyl . 

Another preferred activated amino acid is 
formed when the photoremovable protecting group has the 
general formula: ■ 




where r\ R^ and R^ independently are a hydroaen atom, a 
lower alkyl, aryl , benzyl, halogen, hydroxy 1, alkoxyl. 
thiol, thioether, amino, nitro, carboxyl , formate, 
formamido, sulfanate, sulfide or phosphido group, 'and R* 
and r5 independently are a hydrogen atom, an alkoxy, 
alkyl, halo, aryl, or alkenyl group. The resulting 
compound is a urethane-protected amino acid having a 
pyrenylmethyloxycarbonyl protecting group attached to the 
amine. A^more preferred embodiment is formed when R^ 
through R^ are each a hydrogen atom. 

The urethane-protected amino acids having a 
photoremovable protecting group of the present invention 
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are. prepared by condensation of an N-protecred aaino acid 
with an acyiating agenr such as an acyl halide, 
anhydride, chlorof orsate and the like (See Fuller et al . , 
U.S. Patent No. 4,946,942 and Fuller et al. , j. Amer. 

(1990) 112:7414-7416, both herein incorporated 
by reference for all purposes) . 

Urethane-protecred aaino acids having 
photoremovable protecting groups are generally useful as 
reagents during solid-phase peptide synthesis, and 
because of the spatial selectivity possible with the 
. phororeaovable protecting groups, are especially useful 
for the spatially addressing peptide synthesis. These 
amino acids are dif uncrional : the urethane group firsr 
serves to activate the carboxy terminus for reaction with 
the anine bound to the surface, and, once the peptide 
bond is forBed, the photoremovable protecting group 
protects the newly formed amino terminus from f urtiher . 
reaction. These amino acids are also highly reactive to 
nucleophiles, such as d.eprotected amines on the surface 
of the solid support, and due to this high reactivity, 
the solid-phase peptide- coupling times are significantly 
reduced, and yields are -typically higher. 

IV. Data Collection 

Data Collection System 

Su±)strates prepared in accordance with the 
above description are used in one embodiment to determine 
which of the plurality of sequences thereon bind to a 
receptor of interest. Fig. lo illustrates one embodiment 
of a device used to detect regions of a substrate which ' 
contain florescent markers. This device would be used, 
for example, to detect the presence or absence of a 
fluorescently labeled receptor such as an antibody which 
has bound to a synthesized polymer on a substrate. 

.Light is, directed at the substrate from a light 
source 1002 such as a laser light source of the type well 
known to those of skill in the art such as a model no. 
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2025 made by Specrra Physics. Lighr fron the source is 
direcred at a lens 1004 which is preferably a cylindrical 
lens of the type well known to those of skill in the art. 
The resulting output fron the lens 1004 is a linear beam 
rather than a spot of light. Thus, data can be detected 
substantially sinultaneously along a linear array of 
pixels rather than on a pixel-by-pixel basis. it will be 
understood that while a cylindrical lens is used herein 
as an illustration of one technique for generating a 
linear beam of light on a surface, other techniques could 
also be utilized. 

The bean froa the cylindrical lens is passed 
th-rough a dichroic airror or prism and directed at the 
surface of the suitably prepared substrate 1008. 
Substrate 1008 is placed on an x-y translation stage 1009 
such as a model no. P.M500-8 made by Hev.'pcrt. Certain 
locations on the substrate will fluoresce and 
fluorescence will be transmitted along the path indicated 
by dashed lines back through the dichroic mirror, and 
focused with a suitable lens 1010 such as an f/i!4 camera 
lens on a linear detector 1012 via a variable f stop 
focusing lens 1014: Through use of. a linear light beam, 
it becomes possible to generate data over a line of 
pixels (such as about 1 cm) along the substrate, rather 
than from individual points on the substrate. In 
alternative embodiments, light is directed at a 2- 
dimensional area of the substrate and fluorescence is 
detected by a 2-dimensional CCD array. Linear detection 
is preferred because substantially higher power densities 
are obtained. 

•Detector 1012 detects the amount of 
fluorescence emitted from the substrate as a function of 
position. According to one embodiment the detector is a 
linear CCD array of the type commonly known to those of 
skill in the art. The x-y translation stage, the light 
source, and the detector loi^ are all operably connected 
to a computer 1015 such as an IBM PC-AT or equivalent for 
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connrol of the device and data collection froa the CCD 
array . 

In operation, the substrate is appropriateiv 
positioned by the translation stage. The light source is 
then illuminated, and fluorescence intensity data are 
gathered with the computer via the detector. 

In an alternate embodinent, the substrate and 
x/y translation table are placed under a microscope which 
includes one or more objectives. Light (about 4 88 na) 
from a laser, which in sone embodiments is a model no. 
2020-05 argon ion laser manufactured by Spectraphysics , 
is directed at the substrate by a dichroic mirror which 
passes greater than about 520- nm light but reflects 
488 nm light. The dichroic mirror may be, for example, a 
model no. rrsio manufactured by Carl Zeiss. Light 
reflected from the mirror then enters the microscope 
which may be, for example, a model no. Axioscop 20 
manufactured by Carl Zeiss. Fluorescein-marked materials 
on the substrate will fluoresce >488 na light, and the 
fluoresced light will be collected by the microscope and 
passed through the mirror. The fluorescent light from 
the substrate is then directed through a wavelength 
filter and, thereafter through an aperture plate. The 
wavelength filter may be, for example, a model no. OG530 
manufactured by Melles Griot and the aperture plate may 
be, for example, a model no. 477352/477380 manufactured 
by carl Zeiss. 

The fluoresced light then enters a 
photomultiplier tube which in some embodiments is a model 
no. R94 3-02 manufactured by Hamamatsu, the signal is 
amplified in a preamplifier and photons are counted by a 
photon counter. The number of photons is recorded as' a 
function of the location in the computer. The pre-amp 
may be, for example, a model no. SR44 0 manufactured by 
Stanford Research Systems and the photon counter may be a 
model no. SR4 00 manufactured by Stanford Research 
systems. The substrate is then moved to a subseauent 
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iocarion and the process is repeated. In preferred 
eabodinenrs -che dara are. acquired every 1 to ioo ;in vith 
a data collection diameter of abour O.S to lo ;ia 
preferred. in eriibodiinents with sufficiently high 
fluorescence, a CCD detector with broadfield illuaination 
is utilized. 

Fig. 11 illustrates the architecture of the 
data collection system in greater detail. Operation of 
the system occurs under the direction of the photon 
•counting program 1102. The ' user inputs the scan 
dimensions, the number of pixels or data points in a 
region, and the scan speed to the counting program. via 
a G?I3 bus 1104 t.he program (in an IBM ?C compatible 
computer, for example) interfaces with a multichannel 
scaler 1106 such as a Stanford Research SR 4 30 and an x-y 
stage controller 1108 such as a Newpo^ P.M500. The 
signal from the light from the fluorescing substrate 
enters a photomultiplier 1110, providing output to the 
scaler 1106. Data are output from the scaler indicative 
of the number of counts in a given region. After 
scanning a selected area, the stage controller is 
activated with commands for acceleration and velocity, 
vhich in turn drives the scan stage 1112 such as a 
Ne^.'porr PM500-A to another region. 

Data are collected in an image data file 1114 
and processed in a scaling program 1116. A scaled image 
is output for display on, for example, a VGA display 
1118. The image is scaled based on an input of the 
percentage of pixels to clip and the minimum and maximum 
pixel levels to be viewed. The system outputs for use 
the min and max pixel levels in the raw data. 

B. Data Analy ?;ic; 

The output from the data collection system is 
an array of data indicative of fluorescence intensity 
versus location on the substrate. The data are typically 
taken over regions substantially smaller than the area in 
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which synrhesis of a given poiymer has raken place. 
Merely by way of example,, if polymers were synthesized in 
squares on the substrare having dimensions of 500 microns 
by 500 microns, the data may be taken over regions having 
dimensions of 5 microns by 5 microns. In most preferred 
embodiments, the regions over which florescence data are 
taken across the substrate are less than about 1/2 the 
area of the regions in which individual polymers are 
synthesized, preferably less than 1/10 the area in which 
a single polymer is synthesized, and most preferably less 
than 1/100 the area in which a single polymer is 
synthesized. Hence, witahin any area in which a given, 
polymer has been synthesized, a large number of 
fluorescence data points are collected. 

A plot of the number of pixels versus 
fluorescence intensity for a scan of a cell when it has 
been exposed to, for example, a labeled antibody will 
typically take the form of a bell curve, but spurious 
data are observed, particularly at higher intensities. 
Since it is desirable to use an average of fluorescence 
intensity over a given synthesis region in determining 
relative binding affinity, these spurious data will tend 
to undesirably skew the data. 

Accordingly, in one embodiment of the invention 
the data are corrected for removal of these spurious data 
points, and an average of the data points is thereafter 
utilized in determining relative binding efficiency, 

rig. 12 illustrates one embodiment of a system 
for removal of spurious data from a set of fluorescence 
data such as data used in affinity screening studies. A 
user or the system inputs data relating to the chip 
location and cell corners at step 1302. From this 
information and the image file, the system creates a 
computer representation of a histogram at step 1304, the 
histogram (at least in the form of a computer file) 
plotting number of data pixels versus intensitv. 
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For each ceil, a nain data analysis loop is 
then performed. For each cell, ar srep 1306, the' sysren 
calculates the total fluorescence intensity or nunber of 
pixels for the bandwidth centered around varying 
intensity levels. For example, as sho;^ in the plot to 
the right of step 1306, the system calculates the nuiaber 
of pixels within the band of width w. The system then 
"moves" this bandwidth to a higher center intensity, and 
again calculates the nunber of pixels in the bandwidth. 
This process is repeated until the entire range of 
intensities have been scanned, and at step 1308 the 
system determines which band has the highest total number 
of pixels. The data within this bandwidth are used for 
further analysis. Assuming the bandwidth is selected to 
be reasonably small, this procedure will have the effect 
of eliminating spurious data located at the higher 
intensity levels. The system then repeats at step 13 lo 
if all cells have been evaluated, or repeats for the next 
cell . 

At step 1312 the system then integrates the 
data within the bandwidth for each of the ' selected cells, 
sorrs the data at step 1314 using the synthesis procedure 
file, and displays the data to a user on, for example, a 
video display or a nrinter. 



V. Representative Ap pjicati on<^ 
A. Oliaonucleotide Svr| thp«;i^ 

The generality of light directed spatially 
addressable parallel chemical synthesis is demonstrated 
by application to nucleic acid synthesis. 

1 . Sxample 

Light activated formation of a thymidine- 
cytidine dimer was carried out. A three dimensional 
representation of a fluorescence scan showing a 7 square 
by 4 square checkerboard pattern generated by the light- 
directed synthesis of a dinucleotide was produced. 
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S'-nitroverarryi thymidine was arrached to a synrhesis 
suhsrrare through rhe 3 '. hydroxy 1 group. The 
nitroverarryl prorecting groups were removed by 
illumination through a 500 ^m checkerboard mask. The 
substrate was then treated with phosphoramidite activated 
2'-deoxycytidine. In order to follow the reaction 
fluorometrically, the deoxycytidine had been modified 
with an FMOC protected aminohexyl linker attached to the 
exocyclic amine { 5 ■ 70-dimethoxytrityl-4-N- ( 6-N- 
fluorenylmethylcarbamoyi-hexylcarboxy) -2 • -deoxycytidine) . 
After removal of the FMOC protecting group with base, the 
regions which contained the dinucleocide were 
fluorescently labelled by treatment of the substrate with 
1 aM FITC in DMF for one hour. 

The three-dimensional representation of the 
fluorescence intensity data showing alternating squares 
of bright raised pixels reproduces the checkerboard 
illumination pattern used during photolysis of the 
substrate. This result demonstrates that 
oligonucleorides as well as peptides can be synthesized 
by the light-directed method. 

In another example the light-activated 
formation of thymidine-cytidine-cytidine was carried out 
as sho-^-n in fig. 13. Here, as in the previous example, 
S'-nitroveratryl thymidine was attached to the substrate, 
via phosphoramidite chemistry to a surface containing 
[Bis (2-hydroxyethyl)-3-aminopropylsiloxane] . The slide 
was then uniformly illuminated (362nm at - l4mW/cm^) for 
10 minutes in the presence of dioxane. After drying, the 
surface was t.hen treated with N, 4-dimethoxytrityl-5 • 1 
nitroveratry i-2 ■ -deoxycytidine-3 • -O- ( 2-cyanoethyl ) -N , N- 
diisopropylphosphoramidite in the presence of tetrazole 
(standard phosphoramidite coupling chemistry) . After 
oxidizing and drying, the plate was again illmainated as 
before except that a 500 checkerboard mask was placed 
between the light source and the slide. The surface was 
then exposed to 5 ' -o- ( 4 , 4 • -Dimethoxy) -N-4- (6- 



( (Biotinoyl) amino) hexanoyl) amir.o) hexanoyi , aninohexyi) -5- 
=erhyl-2 '-deojcycy-idine-G '-o-(2-cyanoeT:hyl) -H,N- 
diisopropylphosphoramidita vizh terrazale. After 
oxidizing and drying, the areas vhich contained the 
trinucleotide were f luroescently labelled by treataent 
with FITC labled streptavidin . A resulting 
representation of the fluorescence intensity data showed 
alternating bright and dark squares corresponding to the 
500 and checkerboard illumination pattern used during 
photolysis. 

VI . Conclus ion 

The inventions herein provide a new approach 
for the sinultaneous synthesis of a large nunber" of 
conpounds. The -erhod can be applied whenever one has 
chemical building blocks that can be coupled in a solid- 
phase format, and when light can be used to generate I 
reactive group. 

The above description is illustrative and not 
restrictive. Many variations of the invention will 
become apparent to those of skill in the art upon review 
of this disclosure. Merely by way of example, while the 
invention is illustrated primarily with regard to oeotide 
and nucleotide synthesis, the invention is not so " 
limited. The scope of the invention should, therefore, 
be determined not with reference to the above 
description, but instead should be determined with 
reference to the appended claims along with their full 
scope of eouivalenrs. 



INFORMATION FOR SZQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: anino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: aeoride 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1 

Tyr Gly Gly Phe Leu 

1 =; 
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INFORHATION FOR SEQ ID NO: 2: 

(i) SZQUZNCE CHARACTERISTICS 
(A) LENGTH: 5 amino aci 
(3) TYPE: aaino acid 

(C) STRANDEDNESS : singi 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: neoride 



(xi) SEQUENCE DESCRIPTION: SEQ 

Pro Giy Gly Phe Leu 
i 5 • 
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(2) IHFORKATION FOR SEQ ID NO: 3: 

(i) SZQUZNCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

Tyr Gly Ala Glv Phe 
1 " 5 



0 5 



(2) INTORMATION FOR SEQ ID NO: 4: 

(i) SEQUZNCE CHARACTERISTICS: 

(A) LENGTH: 6 anino acids 

(B) TYPE: ajaino acid 

(C) STRANDED>rESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(xi) SEQUZNCE DESCRIPTION: SEQ ID NO : 4 : 
Tyr Gly Ala Phe Leu Ser 
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INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUZNCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 



Tyr Gly Ala Phe Ser 
1 5 



» V> V/ >> — 



0 / 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 anino acids 

(B) TYPE: anino acid 

(C) STRANDEDNESS: sincie 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Tyr Gly Ala Phe Leu 
i 5 
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INFORHATION FOR SZQ ID NO : 7 : 

(i) SZQIIENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(3) TYPE: anino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peoride 



(xi) SEQUENCE DESCHIPTIOM: SEQ ID NO : 7 

Tyr Gly Gly Phe Leu Ser 
1 5 



(2) IN70RHATI0N FOR SZQ ID NO: 8: 

(i) SZQUZNCE CHARACTERISTICS: 

(A) LENGTH: 4 eoaino acids 

(B) TYPE: aaino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(Xi) SZQUZHCZ DESCRIPTION: SZQ ID NO: 8: 
Tyr Gly Ala Phe 



(2) INFOH.HATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(3) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOP0I.OGY: linear 

(ii) MOLECULE TYPE: pepride 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Tyr Gly Ala Leu Ser 
1 5 



(2) INFORMATION FOR SZQ ID NO: 10: 

(i) SEQUZNCE CHARACTERISTICS: 
(A) LENGTH: 5 aLmino acids 
(3) TYPE: amino acid 

(C) STRAITOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide . 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

Tyr Glv Gly -Phe Ser 
1 5 
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INFORH.\TION FOR SZQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 4 aonino acids 
(3) TYPE: aiaino acid 
• (C) STRAKDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYRE: pepride 



(xi) Sr.QUENCE DESCRIPTION: SEQ ID N0:1 
Tyr Gly Ala Leu 



73 



(2) INFORMATION FOR SZQ ID NO: 12: 

(i) SEQUZNCE CHARACTERISTICS- 
■ . (A) LENGTH: 6 anino acids 

(3) TYPE: anino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(xi) SEQUZNCE DESCRIPTION: SEQ ID 
Tyr Gly Ala Phe Leu ?he 
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(2) INFORKATION FOR SEQ ID NO: 13: 

(i) SEQUZNCE CHARACTERISTICS: 
(A) LENGTH: 5 aiaino acids 
(3) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(xi) SEQLrE>^CE DESCRIPTION: SEQ ID NO: 12; 

Tyr Gly Ala ?he ?he 
i 5 



INFORMATION FOR SEQ ID NO: 14: 

(i) SZQUZNCZ CHARACTERISTICS: 

(A) LENGTH: 5 ajnino acids 

(B) TYPE: ajaino acid 

(C) . STRAND EDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO 

Tyr Gly Gly Leu Ser 
1 5 
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(2) INFORMATION FOR SZQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LZNGTE: 5 aaino acids 

(B) TYPE: anino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
Tyr Gly Gly ?he Leu 



(2) INFORHATION FOR SZQ ID NO: 16: 

(i) SEQUENCE CHAKACTERISTICS: 

(A) LZNGTK: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: pepride 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
Tyr Gly Ala Phe Ser Phe 
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INFORMATION FOR SZQ ID NO: 17: 

(i) SZQUZNCE CHARACTERISTICS: 

(A) LENGTH: 7 anino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(Xi) SEQUENCE DESCRIPTION: SEQ ID MO: 17: 
Tyr Gly Ala Phe Leu Ser Phe 



INFOR.MATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRAKDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLZCULZ TYPE: pepride 



(Xi) SEQUZflCE DESCRIPTION: SE 
Tyr Gly Ala ?he Met Gin 
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(2) INFORMATION FOR SZQ ID NO: 19: 

(i) SZQUZNCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(3) TYPE: aaino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUE>JCE DESCRIPTION: SEQ ID NO: 19: 
Tyr Gly Ala Phe Met 



rV_l / 1,071/ UOV7 J 



o J. 



(2) INFORMATION FOR SZQ ID NO: 20: 

(i) SZQUZNCE CHARACTERISTICS- 

(A) LENGTH: 5 amino acids 

(B) TYPE: anino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(xi) SEQUEJICE DESCRIPTION: SEQ ID NO: 2 

Tyr Giy Ala ?he Gin 
1 5- 
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INF0R21ATI0N FOR SZQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
(3) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepride 



(Xi) SEQUENCE DESCRIPTION: SZQ ID N0:21 

Tyr Glv Gly Phe Mer 
1 ' 5 
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WHAT IS CIAIHED IS: 



1. A reacror sysrea for synrhesizing a plurality 
of polyaer sequences on a substrare comprising: 

a) a reacror for contacring reaction fluids to 
said substrate; 

b) a systen for delivering selected reaction 
fluids to said reactor; 

c) a translation stage for moving a nask or 
substrate from at least a first relative location 
relative to a second relative location; 

d) a light for illuminating said substrate 
through a mask at selected times; and 

e) an appropriately programmed digital coaoutei 
for selectively directing a flow of fluids froa said" 
reactor system, selectively activating said translation 
stage, and selectively illuminating said substrate so as 
to form a plurality of diverse polymer sequences on said 
substrate at predetermined locations. 

2. The reactor system as recited in claim 1 
adapted to provide a plurality of monomers in a reaction 
fluid to said substrate, said substrate used for an 
initial screening of polymer sequences. 

3. All ordered method for forming a plurality of 
polymer sequences by sequential addition of reagents 
comprising the step of serially protecting and 
deprotecting portions of said plurality of polvmer 
sequences for addition of other portions of said polymer 
sequences using a binary synthesis strategy. 

4. The method as recited in claim 3 wherein said 
binary synthesis strategy is a binary masking strategy.' 

5. .The method as recited in claim 4 wherein said 
masking strategy in which said masking strategy provides 



wo 92/10092 



PCr/U591/08693 



84 

ar least: "vo consecurive sreps in which a mask factors a 
previous mask by prorecring a poruion of a previously 
illuminared portions tio light and exposing a portiion of 
previously prorecced portions to light. 

6. The method as recited in clain 4 in which said 
masking strategy in which at least two successive steps 
in said masking strategy illuminate about one half of a 
region of interest on said su±}strate, 

7. The method as recited in claim 4 wherein said 
masking straregy forms a plurality of polymer sequences 
on a single substrate. 

8. The method as recited in claim 4 wherein said 
masks are arranged in a gray code masking strategy, said 
gray code masking strategy having one edge illumination 
on each of a plurality of synthesis, sites. 

9. The method as recited in claim 4 wherein said 
masking straregy results in a minimum number of masking 
steps for a number of polymers synthesized. 

10. The method as recited in claim 4 wherein all 
possible polymers of length 1 are formed with a given 
basis set of monomers. 



11. The method as recited in claim 4 wherein said 
masking strategy is developed in an appropriately 
programmed digital computer inputting at least a desired 
basis set, and length of polymers. 

12. The method as recited in claim 4 wherein all 
possible polymers of a length less than or equal to 1 ar 
formed wirh a given basis set of monomers. 
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13. The Eethod as recited in ciain 4 fumher 
conprising the srep of foinning a porrion of said pol^/ner 
with a non-binary sasking srraregy. 

14 . The nethod as recited in clain lo f urrher 



s 



egy. 



conprismg the srep of outputting a masking strat 

15. The aethod as recited in claia lo further 
coQprising the step of outputting a nap of synthesized 
polymers on said substrate. 



15. T.he method as recited in clain 15 wherein saic 
nap is in the fom of Fig. 9. 

17. A method of screening a plurality of linker- 
polyners for use in binding affinity studies comprising 
the stens of: 



a 
s 



a) forming a plurality of linker polymers on 
substrate in selected regions, said linker polymer 
formed by the steps of recursively: 

i) on a surface of a substrate, irradiating 
a portion of said selected regions to remove a 
protecring croup; and 

ii) contacting said surface vith a nonomer; 

b) contacting said plurality of linker polyners 
with a ligand; and 

c) contacting said ligand with a labeled 

receotor. 



13. The method as recited in ciain 17 wherein said 

ligand is a polypeptide. 



19. The method as recited in claim 17 wherein said 
receptor is an antibodv. 



20. The method as recited in 
monomers added in step ii) are the 



claim 17 wherein said 
same in each of. said 
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recursive- sreps, said seiecred regions coaprisin? linker 
nolecules of different lengths. 

21. The sethod as recited in clain 17 wherein said 
labelled recepror is a f luoresceinated receptor. 

22. A system for deteraining affinity of a receptor 
to a ligand comprising: 

a) means for applying light to a surface of a 
sabstrate, said substrate comprising a plurality of 
ligands ar predetermined locations, said means for 
applying directing light providing simultaneous 
illumination at a plurality of said predetermined 
locations; and 

b) an array of detectors for detecting 
fluorescence at said plurality of predetermined 
locations . 



23. A system as recited in claim 22 wherein said 
neans for applying light comprises a point light source 
and a cylindrical lens for focusing said point light 
source along a substantially linear oath. 



. 24. A system as recited in claim 22 wherein said 
array of detectors comprises a linear array. 

25. A system as recited in claim 22 wherein said 
array of detectors comprises a linear CCD array. 

26. In a digital computer, a method of determining 
the tendency of a receptor to bind to a ligand 
comprising: 

a) exposing f iuorescently labelled receptors to 
a substrate, said substrate comprising a plurality of 
ligands in regions at known locations; 
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b) az a plurality of da::a collecrion poinrs 
within each of said regions, determining an anoun- of 
fluorescence fron said data collecuion poincs ; 

c) reaoving said data collecrion poinrs 
deviating from a preset aaounr froa a predetermined 
sraristical disrribution ; and 

d) determining a relative binding affiniry of 
said receptor to remaining data collecrion points. 

27. The method as recited in claim 26 wherein said 
prederemined statistical distribution is a normal 
distribution . 

23. A compound having the formula: 




■-•herein n = 0 or 1; Y is selected from the group 
consisting of an oxygen of the carboxyl group of a 
natural or unnatural amino acid, an amino croup of a 
natural or unnatural amino acid, or the C-5 • oxygen grouo 
of a natural or unnatural deoxyribonucleic or ribonucleic 
acid; and independently are a hydrogen atom, a lower 
alkyl, aryl, benzyl, halogen, hydroxyl, alkoxyl, thiol, 
thioether, amino, nitro, carboxyl, formate, formamido,'' 
sulfide, or phosphide group; and is a alkoxy, alkyl, 
aryl, hydrogen, or alkenyl group. 

29. The compound of claim 23 wherein Y is the C-5 • 
oxygen group of a natural or unnatural deoxyribonucleic 
or ribonucleic acid. 



The compound of claim 29 wherein n = o. 
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31. The coapound of clain 29 wherein ?.* and R- are 
each a hydrogen aroa. 

32. The conpound of claim 31 wherein .R^ is a 
hydrogen atoa. 



33. The conpound of claia 31 wherein is a nethyl 
group . . 



34. The coapound of claia 23 wherein Y ^3 oxygen 
of the carboxyl group of an anino acid and n = 0. 

35. The coapound of claia 3 A wherein R* and are 
each a hydrogen aron. 



35. The coapound of claia 35 wherein .R^ is a 
hydrogen atoa. 



37. 'The coapound of clai 
group . 



in 35 wherein R^ is- a raethyl 



38. A conpound having the foraula; 




Wherein n = 0 or 1; y 13 selected from the grout, 
consisting of an amino group of a natural or unnatural 
amino acid or the C-5 ■ oxygen group of a natural or • 
unnatural deoxyribonucleic and ribonucleic acid; 
and independently are a hydrogen atom, a lower alkvl' 
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aryl, benzyl, halogen, hydroxyl , aikoxyl, thiol, 
thioerher, a=ino, nitro, carboxyl , formare, for^amido, 
sulfide or phosphido group; and independenrly are a 
alkoxy, alkyl, hydrogen, halo, aryl, or alkenyl group. 

39. The coapound of claia 33 wherein through R^ 
are each a hydrogen acoa. 



40. The coapound of clain 3 9 wherein R^ and R 
each a hydrogen atoa. 



s 

are 



41. The coapound of clain 39 wherein R* and R^ are 
each a aethyl group. 
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A coapound having the foraula: 




Wherein n = o or 1 ; v is a C-5 ■ oxygen group of a narural 
or unnatural deojcyribonucleic and ribonucleic acid; 
through R^ independently are a hydrogen atoa, a lower 
alkyl, aryl, benzyl, halogen, hydroxyl, alkoxy 1. thiol, 
tihioether, amino, nitro, carboxyl, formate, foraamido, ' 
sulfido, or phosphido group; and r' is a alkoxy, alkyl, 
aryl, or alkenyl group. 



43. The coapound of clain 42 wherein r' and r' are 
each a methoxv croun. 



44. The coapound of clain 43 wherein R^ and R"* are 
each a hydrogen atoa. 
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45. The conpound of claia 44 wherein is a nerhyl 
group. 

46. .3i conpound having the foraula: 




03 



wherein n = 0 or 1 ; Y is ^^^^ protected; and 

independently are a hydrogen atoa, a lower alkyl, aryl , 
benzyl, halogen, hydroxy 1, alkoxyl , thiol, thioether, 
anino, nitro, carboxyl, formate, fon=anido, sulfide,' 
phosphido grouo; and ?r is -a alkoxy, alkyl, aryl, or 
alkenyl group. 

47. The conpound of clain 46 wherein Y is selected 
fron the group consisting of an oxygen of the carboxyl 
group of a natural or unnatural anino acid, or t.he c-5 ■ 
oxygen group of a natural or unnatural deoxyribonucleic 
or ribonucleic acid, or the anino group of a natural or 
unnatural amino acid. 



48. The conpound of clain 47 wherein and are 
hydrogen . • 



49. The conpound of clain 48 wherein 

group 

50, A conpound having the fomula: 



// 

11 o 



is a methyl 
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vhere R is a side chain of a narural or unnarurai aain 
acid and X is a photoremovable prorecring group. 

51. The compound of clain 50 wherein X has the 
following foraula: 



o 




wnere R' . R' , R\ and ?/ independenrly are a hydrogen aron 
a lower alkyl, aryl, benzyl, halogen, hydroxy 1. alkoxyl , ' 
thiol, thioether, amino, nitro, carboxyl, f ornate, 
foraamido or phosphido group, or adjacent substituents 
are substituted oxygen groups that together for= a cyclic 
acetal or ketal; and r' is a hydrogen aton, a alkoxyl, 
alkyl, halo, aryl, or alkenyl group. 

52. The coapound of claia 51 wherein and R* 



are 

each a hydrogen ato=, and r' and r' are each a r.ethoxy 

group. 



53. The coapound of claia 52 wherein is a aethyl 
group . 



54. The coapound of claia 51 wherein and are 
substituted oxygen groups that together fora a cyclic 
acetal. 



55. The coapound of claia 54 wherein R^ and R^ are 
each a hydroaen atoa. 
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55. The conpound of clain 55 wherein is a luerhyi 
group. 
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FIG. 6B. 
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FIG. 7B. 
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